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Description
TECHNICAL FIELD

[0001] This disclosure relates to the technical field of
wireless communication, and in particular, to a customer
premise equipment (CPE), a method for antenna control,
and a computer-readable storage medium.

BACKGROUND

[0002] With the development of wireless communica-
tion technology, network technology is also updated. For
example, a fifth generation (5G) network was born, and
theoretically, a peak transmission speed of the 5G net-
work can reach 10Gb/s or more, which is hundreds of
times higher than a transmission speed of a fourth gen-
eration (4G) network. Therefore, a millimeter-wave fre-
quency band with sufficient spectrum resources has be-
come one of operating frequency bands of a network
system (for example, a 5G communication system or a
future public land mobile network (PLMN) system
evolved after the 5G communication system).

[0003] Generally, a millimeter-wave antenna can be
fixed in a CPE that is used for communication. The mil-
limeter-wave antenna generally includes multiple anten-
na modules. The antenna modules are respectively fixed
in different positions of the CPE, such that radiation di-
rections of the antenna modules are different, and thus
an alignment between the CPE and a base station can
be improved. However, setting multiple antenna modules
may result in high cost.

SUMMARY

[0004] Implementations of the present disclosure pro-
vides a CPE, a method for antenna control, and a com-
puter-readable storage medium.

[0005] A CPE includes a millimeter-wave antenna, a
radio frequency (RF) circuit, adriving module, and a proc-
essor. The millimeter-wave antenna is configured to re-
ceive and transmitan antenna signal ata millimeter-wave
frequency band. The RF circuit is coupled with the mil-
limeter-wave antenna, configured to control the millime-
ter-wave antenna to receive and transmit the antenna
signal, and measure network information of the antenna
signal. The driving module is coupled with the millimeter-
wave antenna and configured to drive the millimeter-
wave antenna to rotate. The processor is in communica-
tion with the RF circuit and the driving module and con-
figured to perform following. According to an interval
stepping strategy, control the driving module to drive the
millimeter-wave antenna to rotate to perform interval
scan on multiple blocks, and correspondingly obtain net-
work information measured in each of the blocks by the
RF circuitto obtain multiple pieces of network information
measured, where the blocks are determined according
to a scan range of the millimeter-wave antenna. Deter-
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mine a target block for the millimeter-wave antenna ac-
cording to the multiple pieces of network information
measured. Control, in the target block, the driving module
to drive, according to a preset rotation stepping, the mil-
limeter-wave antenna to rotate to obtain a target orien-
tation. Control the millimeter-wave antenna to rotate to
the target orientation.

[0006] A method for antenna control is provided. The
method is applied to a CPE. The CPE includes a millim-
eter-wave antenna, an RF circuit, and a driving module.
The millimeter-wave antenna is configured to transmit
and receive an antenna signal at a millimeter-wave fre-
quency band. The RF circuit is coupled with the millim-
eter-wave antenna, configured to drive the millimeter-
wave antenna to transmit and receive the antenna signal,
and measure network information of the antenna signal.
The driving module is coupled with the millimeter-wave
antenna and configured to drive the millimeter-wave an-
tenna to rotate. The method includes following. Accord-
ing to an interval stepping scheme, control the driving
module to drive the millimeter-wave antenna to rotate to
performinterval scan on multiple blocks, and correspond-
ingly obtain network information measured in each of the
multiple blocks by the RF circuit to obtain multiple pieces
of network information measured, where the blocks are
determined according to a scan range of the millimeter-
wave antenna. Determine a target block for the millime-
ter-wave antenna according to the multiple pieces of net-
work information measured, where at least one target
block is determined. Control, in the target block, the driv-
ing module to drive, according to a preset rotation step-
ping, the millimeter-wave antenna to rotate to obtain a
target orientation. Control the millimeter-wave antenna
to rotate to the target orientation.

[0007] ACPEincludes amemoryand aprocessor. The
memory stores computer programs, where the computer
programs, when executed by the processor, are operable
with the processor to perform the method for antenna
control described above.

[0008] A computer-readable storage medium stores
computer programs, and the computer programs are ex-
ecuted by a processor to implement the method for an-
tenna control described above.

[0009] The processorin the CPE can control, accord-
ing to the interval stepping strategy, the driving mecha-
nism to drive the millimeter-wave antenna to rotate, such
that in different blocks network information of a millime-
ter-wave signal can be measured to determine the target
block for the millimeter-wave antenna. The processor can
further drive, in the target block, the millimeter-wave an-
tenna to rotate according to the preset rotation stepping
to obtain the target orientation, and thus by controlling
rotation of one millimeter-wave antenna, an omnidirec-
tional coverage of the scan range can be achieved, there-
by reducing cost. Meanwhile, based on the interval step-
ping strategy, the driving mechanism is controlled to drive
the millimeter-wave antenna to rotate, so as to perform
interval scan on the multiple blocks to determine the tar-
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get block. Mutual interference between two adjacent
stepping rotations is lowest, and thus signal interference
can be reduced. Furthermore, based on the target block
the target orientation for 5G network access can be de-
termined, thereby increasing an alignment accuracy be-
tween the millimeter-wave antenna and the base station
and accordingly improving communication quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] To describe technical solutions in implementa-
tions of the present disclosure or related art more clearly,
the following will briefly introduce the accompanying
drawings required for describing the implementations or
related art. Apparently, the accompanying drawings in
the following description merely illustrate some imple-
mentations of the present disclosure. Those of ordinary
skill in the art may also obtain other accompanying draw-
ings based on these accompanying drawings without cre-
ative efforts.

FIG. 1 is a schematic structural diagram illustrating
a network system architecture according to an im-
plementation.

FIG. 2 is a schematic structural diagram illustrating
internal structures of a CPE according to an imple-
mentation.

FIG. 3 is a schematic structural diagram illustrating
internal structures of the CPE according to another
implementation.

FIG. 4a is a stepping sequence diagram illustrating
an interval stepping strategy according to an imple-
mentation.

FIG. 4b is a stepping sequence diagram illustrating
the interval stepping strategy in FIG. 4a according
to another implementation.

FIG. 5a is a stepping sequence diagram illustrating
aninterval stepping strategy according to yetanother
implementation.

FIG. 5b is a stepping sequence diagram illustrating
the interval stepping strategy in FIG. 5a according
to another implementation.

FIG. 6 is a stepping sequence diagram illustrating
an interval stepping strategy according to another
implementation.

FIG. 7 is aflow chartillustrating a method for antenna
control according to an implementation.

FIG. 8is aflow chartillustrating a method forantenna
control according to an implementation.

FIG. 9is aflow chartillustrating a method forantenna
control according to an implementation.

FIG. 10 is a flow chart illustrating a method for an-
tenna control according to an implementation.

FIG. 11 is a flow chart illustrating a method for an-
tenna control according to an implementation.

FIG. 12 is a flow chart illustrating a method for an-
tenna control according to an implementation.

FIG. 13 is a flow chart illustrating a method for an-
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tenna control according to an implementation.
DETAILED DESCRIPTION

[0011] In order to make the purpose, technical solu-
tions, and advantages of the present disclosure clear,
the following will describe the present disclosure in detail
with reference to the accompanying drawings and imple-
mentations. It should be understood that the implemen-
tations described herein are only used to explain the
present disclosure and not used to limit the present dis-
closure.

[0012] The expression "configured to" used in the
present disclosure can be used interchangeably with, for
example, "suitable", "capable of’, "able to",
or "designed" in hardware or software manner according
to situations. In some cases, the expression "a device
configured to..." may imply that the device can perform
an operation with other devices or components. For ex-
ample, the expression "a processor configured to exe-
cute A, B, and C" may imply a processor for performing
corresponding operations, which can perform corre-
sponding operations by executing one or more software
programs stored in a storage device.

[0013] FIG. 1 is a schematic structural diagram illus-
trating a network system architecture according to an im-
plementation of the present disclosure. In the network
system architecture illustrated in FIG. 1, a CPE 10 can
be coupled with a first base station 20 in a first network
system and connect to a core network via the first base
station 20. The CPE 10 is configured to realize a network
access function and converts an operator’s public net-
work (i.e., wide area network, WAN) into a user’s home
local area network (LAN), and with the CPE 10, multiple
mobile terminals 30 can connect to a network simultane-
ously. In addition, in the vicinity of the CPE 10, a cell
where a second network system locates and a second
base station may exist, or the cell where the second com-
munication system locates and the second base station
may not exist. The first network system is different from
the second network system. For example, the first net-
work system may be a 4G system, and the second net-
work system may be a 5G system. For another example,
the first network system may be the 5G system, and the
second network system may be a future PLMN system
evolved after the 5G system. In the implementation of
the present disclosure, there is no detailed limitation on
types of the first network system and the second network
system.

[0014] Whenthe CPE 10is coupled to the 5G commu-
nication system, through a beam formed by a 5G millim-
eter-wave antenna, data transmission and reception can
be performed between the CPE 10 and a corresponding
base station, where the beam needs to be aligned with
an antenna beam from the base station, such that the
CPE 10 can transmit uplink data to the base station or
receive downlink data from the base station.

[0015] The CPE 10 is used to realize the network ac-
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cess function and convert the operator’s public network
(i.e., WAN) into the user’s home LAN. According to cur-
rent Internet broadband access manners, there may be
fiber access (fiber to the home, FTTH), digital subscriber
line (DSL) access, cable access (cable TV line access),
and mobile access (i.e., wireless CPE). The CPE is a
mobile signal access device that receives mobile signals
and converts the mobile signals into wireless fidelity (Wi-
Fi) signals, and can also convert high-speed 4G or 5G
signals into Wi-Fi signals. With the CPE 10, multiple mo-
bile terminals 30 can connect to a network simultaneous-
ly. FIG. 2 illustrates a CPE according to an implementa-
tion of the present application. The CPE 10 includes a
memory 21 (including one or more computer-readable
storage mediums), a processor 22, a peripheral device
interface 23, a radio frequency (RF) system 24, a driving
module 25, an Input/Output (I/0) sub-system 26, and an
external port 27. These components may communicate
with each other via one or more communication buses
or signal lines 29. Those skilled in the art can understand
that the CPE illustrated in FIG. 2 does not constitute a
limitation on the CPE, and the CPE may include more or
less components than thatillustrated in FIG. 2, or a com-
bination of some components, or a different component
arrangement. The various componentsillustrated in FIG.
2 are implemented by hardware, software, or a combi-
nation of hardware and software, and include one or more
signal processing and/or application-specific integrated
circuits.

[0016] The memory 21 may include a high-speed ran-
dom access memory (RAM), and may also include a non-
volatile memory, such as one or more disk storage de-
vices, one or more flash memory devices, or other non-
volatile solid-state memory devices. For example, soft-
ware components stored in the memory 21 include an
operating system 211, a communication module (or in-
struction set) 212, a global positioning system (GPS)
module (or instruction set) 213, and the like.

[0017] The processor 22 and other control circuits
(such as a control circuit in the RF system 24) may be
used to control the operation of the CPE 10. The proc-
essor 22 may be based on one or more microprocessors,
microcontrollers, digital signal processors, baseband
processors, power management units, audio encoder-
decoder chips, application-specific integrated circuits,
and the like.

[0018] The processor 22 may be configured to imple-
ment a control algorithm that controls usage of an anten-
na in the CPE 10. For example, the processor 22 may
be configured to control the driving module 25 to rotate
a millimeter-wave antenna to a target orientation for
transmitting and/or receiving signals.

[0019] The I/O sub-system 26 is configured to couple
input/output peripheral devices in the CPE 10 such as a
keypad and other input control devices to the peripheral
device interface 118. The I/O sub-system 26 may include
a touch screen, a button, a joystick, a touch pad, a key-
pad, a keyboard, a tone generator, an acceleration sen-
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sor (a motion sensor), an ambient light sensor and other
sensors, a light-emitting diode and other status indica-
tors, adata port, and so on. The user caninputcommands
via the I/O sub-system 26 to control the operation of the
CPE 10, and can obtain status information and other out-
put from the CPE 10 by means of output resources of
the I/O sub-system 26.

[0020] The external port 27 may be an Ethernet card,
a wireless network card, or the like, and is configured to
communicate with external electronic devices.

[0021] The RF system 24 includes an antenna 241,
and the antenna 241 may be any suitable antenna. For
example, the antenna 241 may include an antenna with
resonant elements formed by at least one of following
antenna structures: an array antenna structure, a loop
antenna structure, a patch antenna structure, a slot an-
tenna structure, a helical antenna structure, a strip shape
antenna, a monopole antenna, a dipole antenna, and the
like. Different types of antennas can be used at different
frequency bands and frequency band combinations. The
CPE 10 may include multiple antennas. For example, the
CPE 10 may include one millimeter-wave antenna for
transmitting and receiving signals at millimeter-wave fre-
quency bands, multiple 5G antennas for transmitting and
receiving signals at sub-6GHz frequency bands, multiple
2G/3G/4G antennas for transmitting and receiving sig-
nals at 2G/3G/4G frequency bands, and the like. The
antennas may be directional antennas or non-directional
antennas, and may also be fixed or rotatable.

[0022] In an implementation, the millimeter-wave an-
tenna may include a millimeter-wave antenna array (mul-
tiple radiation patches) and an RF transceiver chip. The
millimeter-wave antenna array is configured to realize
reception and transmission of millimeter-wave signals,
and the millimeter-wave RF transceiver chip is configured
to realize up and down frequency conversion processing
of millimeter-wave signals. Further, the millimeter-wave
antenna array and the RF transceiver chip can be dis-
posed on a same printed circuit board (PCB) to reduce
insertion loss during millimeter-wave signal transmission
and improve performance of an RF index.

[0023] The RF system 24 may also include multiple RF
circuits 242 for processing RF signals at different fre-
quency bands. For example, the RF system 24 includes
a satellite positioning RF circuit configured to receive sat-
ellite positioning signals at 1575MHz, a Wi-Fi and Blue-
tooth transceiver RF circuit configured to process signals
at2.4GHz and 5GHzin IEEE802.11 communication, and
acellular phone transceiver RF circuit configured to proc-
ess wireless communication at a cellular phone frequen-
cy band (such as 850MHz, 900MHz, 1800MHz,
1900MHz and 2100MHz, other 5G millimeter wave, or
the sub-6G frequency band).

[0024] Referring to FIG. 3, for example, the RF circuit
242 may further include a baseband processor 2421, an
RF transceiver unit 2422, and an RF front-end unit 2423.
The baseband processor 2421 can provide network in-
formation to the processor 22. The network information
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may include original and processed information associ-
ated with wireless performance metrics of received an-
tenna signals, such as received power, transmission
power, reference signal receiving power (RSRP), refer-
ence signal receiving quality (RSRQ), a received signal
strength indicator (RSSI), a signal to noise ratio (SNR),
a rank of a multiple input multiple output (MIMO) channel
matrix, a carrier to interference plus noise ratio (RS-
CINR), a frame error rate, a bit error rate, channel quality
measurement based on signal quality data (such as Ec/lo
or ¢/No data), information indicative of whether a re-
sponse corresponding to a request from a mobile termi-
nal is being received from a base station, information
indicative of whether network access is successful, and
so on.

[0025] The processor22may analyze the received net-
work information, and in response, the processor 22 (or,
if necessary, the baseband processor 2421) may trans-
mit a control command for controlling the RF system 24
or the driving module 25. For example, the processor 22
may transmit a control command for controlling the driv-
ing module 25 to drive the millimeter-wave antenna to
rotate.

[0026] The RF transceiver unit 2422 may include one
or more RF transceivers, such as a transceiver 2424 (for
example, one or more transceivers shared between an-
tennas, one transceiver for each antenna, etc.). In an
implementation, the transceiver 2424 may include a
transmitter (such as a transmitter TX) and a receiver
(such as a receiver RX), or may only include the receiver
(such as the receiver RX) or the transmitter (such as the
transmitter TX). In an implementation, the transceiver
can be configured to implement frequency conversion
processing between an intermediate frequency signal
and a baseband signal, or/and, to implement frequency
conversion processing between the intermediate fre-
quency signal and a high frequency signal, and so on.
[0027] The baseband processor 2421 can receive dig-
ital data from the processor 22, and can also use the RF
transceiver unit 2422 to transmit corresponding antenna
signals. The RF front-end unit 2423 may be coupled be-
tween the RF transceiver unit 2422 and the antenna 241,
and can be configured to transmit RF signals generated
by the transmitters 2424 and 2426 to the antenna 241.
The RF front-end unit 2423 may include an RF switch,
an impedance matching circuit, a filter, and other circuits
for forming an interface between the antenna 241 and
the RF transceiver unit 2422.

[0028] The driving module 25 may include a rotation
control unit 251 (for example, a microprocessor, a micro-
controller, or acorresponding control circuit)and adriving
mechanism 252. The millimeter-wave antenna is in-
stalled in the driving mechanism 252. Under control of
the rotation control unit 251, the millimeter-wave antenna
is driven by the driving mechanism 252 to rotate. In an
implementation, a rotation axis of the millimeter-wave an-
tenna extends along a longitudinal direction of the CPE
10. During rotation of the millimeter-wave antenna
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around the rotation axis, after each rotation, an orienta-
tion of a radiation surface of the millimeter-wave antenna
can be correspondingly changed, and thus a 360-degree
rotation in a horizontal plane can be achieved to perform
omnidirectional scan.

[0029] In an implementation, the radiation surface of
the millimeter-wave antenna may be parallel to the rota-
tion axis. The radiation surface of the millimeter-wave
antennamay be referred to as a plane where the radiation
patch of the millimeter-wave antenna locates.

[0030] Furthermore, the driving mechanism 252 in-
cludes a detection assembly. The detection assembly is
configured to measure orientation information of rotation
of the millimeter-wave antenna in a block. In an imple-
mentation, the detection assembly includes a magnet
and a magnetic encoding chip. In an implementation of
the present disclosure, rotation of the millimeter-wave
antenna can drive the magnet to rotate, resulting in a
change in a magnetic field. The magnetic encoding chip
can accurately measure the change in the magnetic field
caused by the rotation of the magnet, and then accurately
record the orientation information of the millimeter-wave
antenna, thereby forming closed-loop control.

[0031] After the millimeter-wave antenna makes a ro-
tation along a circle and 360-degree network information
is measured, with the rotation angle recorded by the mag-
netic encoding chip, the processor 22 can obtain the op-
timal orientation (target orientation) in which the millim-
eter-wave antenna receives a network signal, and trans-
mits a corresponding control command to the rotation
control unit 251, so as to control the driving mechanism
252 to drive the millimeter-wave antenna to rotate to the
optimal block where the millimeter-wave antenna re-
ceives a network signal. In an implementation, an abso-
lute zero point can be set by the magnetic encoding chip,
and by means of taking the absolute zero point as an
initial position, the rotation angle of the millimeter-wave
antenna relative to the initial position is recorded. Of
course, in other implementations, a relative-angle meas-
urement method can also be used to record the rotation
angle defined between the current position of the millim-
eter-wave antenna and the previous position of the mil-
limeter-wave antenna. It should be noted that the orien-
tation information can be expressed by a rotation angle.
[0032] In an implementation, the processor can con-
trol, according to an interval stepping strategy, the driving
module to drive the millimeter-wave antenna to rotate to
perform interval scan on multiple blocks, correspondingly
obtain multiple pieces of network information measured
in multiple blocks by the RF circuit 242, determine atarget
block for the millimeter-wave antenna according to the
multiple pieces of network information measured, con-
trol, in the target block, the driving module to drive the
millimeter-wave antenna to rotate according to a preset
rotation stepping so as to obtain a target orientation, and
control the millimeter-wave antenna to rotate to the target
orientation.

[0033] In an implementation, a range scanned by ro-
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tation of the millimeter-wave antenna may be a 360-de-
gree horizontal plane. Thatis, the driving mechanism 252
can drive the millimeter-wave antenna to make a 360-
degree omnidirectional coverage rotation.

[0034] The processor may be configured to obtain a
number of blocks according to the range scanned by ro-
tation of the millimeter-wave antenna. A scan range cor-
responding to each block is the same, that s, an included
angle A of the scan range corresponding to each block
is also the same. The included angle A of the scan range
corresponding to each block may be 180 degrees, 120
degrees, 90 degrees, 72 degrees, 60 degrees, 45 de-
grees, 30 degrees, 15 degrees, or other. According to
the included angle A of the scan range corresponding to
each block, the amount a of the blocks can be obtained
correspondingly, where a=360/A. For example, when the
included angle of the scan range corresponding to each
block is 180 degrees, the amount of the blocks is 2, which
means that omnidirectional coverage can be achieved
by rotating twice; when the included angle of the scan
range corresponding to each block is 120 degrees, the
amount of the blocks is 3, which means that the omnidi-
rectional coverage can be achieved by rotating thrice;
whentheincluded angle of the scanrange corresponding
to each block is 90 degrees, the amount of the blocks is
4, which means that the omnidirectional coverage can
be achieved by rotating four times; when the included
angle of the scan range corresponding to each block is
72 degrees, the amount of the blocks is 5, which means
that the omnidirectional coverage can be achieved by
rotating five times.

[0035] It should be noted that the specific value of the
included angle of the scan range corresponding to each
block is not further limited. In an implementation, the in-
cluded angle of the scan range corresponding to each
block is smaller than a preset included angle, where the
preset included angle may be 120 degrees. That is, ac-
cording to the omnidirectional coverage strategy, there
are more than three blocks.

[0036] In animplementation, the included range of the
scan range scanned by rotation of the millimeter-wave
antenna may be &, where @<360 degrees. That is, the
driving mechanism 252 can drive the millimeter-wave an-
tenna to rotate to perform partial-orientation scan to
achieve partial-coverage rotation. In an implementation,
the processor may be configured to obtain a number of
blocks according to the range scanned by the rotation of
the millimeter-wave antenna, where the scan range cor-
responding to each block is the same, thatis, the included
angle A of the scan range corresponding to each block
is also the same. According to the included angle A of
the scan range corresponding to each block, the amount
a of the blocks can be obtained correspondingly, where
a=dlA.

[0037] The processor can be configured to construct
the interval stepping strategy based on the multiple
blocks. In an implementation, the processor may be con-
figured to obtain the scan range corresponding to each
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block, determine at least one stepping value according
to the scan range corresponding to each block, and de-
termine the interval stepping strategy according to the at
least one stepping value.

[0038] In an implementation, the interval stepping
strategy may be understood as that when stepping from
the current block to the next block during rotation, instead
of stepping in a clockwise or counterclockwise direction,
an interval stepping rotation is performed. The interval
stepping rotation may be understood to be a stepping
rotation with one or more blocks between the current
block and the previous block or a stepping rotation with
one or more blocks between the current block and the
next block.

[0039] The interval stepping strategy is used to control
the driving mechanism 252 to drive the millimeter-wave
antenna to perform the stepping rotation in the sequence
of the first block-the second block-the third block-... -the
ath block. The millimeter-wave antenna does not make
a sequential stepping rotation in the clockwise or coun-
terclockwise direction between the first block and the sec-
ond block, but makes an interval rotation. That is, there
is an interval between the first block and the second
block. The interval between the first block and the second
block is the stepping value. The current block is the ith
block, the previous block may be the i-1t" block, and the
next block may be the i+1t block. For example, when
the included angle of the scan range corresponding to
each block is 72 degrees, the amount of the blocks is 5,
and the blocks can be identified in the clockwise or coun-
terclockwise direction, for example, the blocks can be
identified as block 1, block 2, block 3, block 4, and block
5. Further, the stepping value can be determined accord-
ing to the scan range corresponding to each block. The
stepping value can be understood as the scan range be-
tween the current block and the previous block, where
the stepping value is the scan range corresponding to at
least one block.

[0040] Referring to FIGS. 4a and 4b, for example,
when the stepping value is the scan range corresponding
to one block, the interval stepping strategy determined
according to the stepping value is that the millimeter-
wave antenna is controlled to make a stepping rotation
in the sequence of block 1-block 3-block 5-block 2-block
4 or in the sequence of block 1-block 4-block 2-block 5-
block 3.

[0041] Referring to FIGS. 5a and 5b, for example,
when the included angel of the scan range corresponding
to each block is 90 degrees, the amount of the blocks is
4, and the blocks can be identified in the clockwise or
counterclockwise direction, for example, the blocks can
be identified as blocks 1, 2, 3, 4. When the stepping value
is the scan range corresponding to one block, the interval
stepping strategy determined according to the stepping
value is that the millimeter-wave antenna is controlled to
make a stepping rotation in the sequence of block 1-block
3-block 2-block 4 or in the sequence of block 1-block 3-
block 4-block 2.
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[0042] Referringto FIG. 6, in animplementation, when
the included angle of the scan range corresponding to
each block is 45 degrees, the amount of the blocks is 8,
and the blocks can be identified in the clockwise or coun-
terclockwise direction, for example, the blocks can be
identified as block 1, 2, 3, 4, 5, 6, 7, 8. At least one step-
ping value can be determined according to the scan
range corresponding to each block. In this implementa-
tion, two stepping values are included, where one step-
ping value is a scan range corresponding to two blocks,
and the other stepping value is a scan range correspond-
ing to three blocks. The interval stepping strategy deter-
mined according to the stepping values is that the mil-
limeter-wave antenna is controlled to make a stepping
rotation in the sequence of block 1-block 5-block 8-block
4-block 7-block 3-block 6-block 2. It should be noted that
block 1 can be taken as an initial block, where there is
no any limitation on an initial position of block 1, and the
initial position of block 1 may be any position of a 360-
degree circumference. According to the omnidirectional
coverage strategy, the 360-degree omnidirectional ori-
entation can be divided into a blocks, and when stepping
from the a-2th block to the a-1th block or the ath block,
only sequential stepping rotation can be performed, and
thus the millimeter-wave antenna is controlled to rotate
in a sequential stepping manner.

[0043] Further,the stepping value canbe setaccording
to the scan range corresponding to each block and the
amount a of the blocks. When stepping from the initial
block to the next block relative to the initial block, the
stepping value between the initial block and the next
block may be a scan range corresponding to (a-1)/2-1
blocks or may be a scan range corresponding to a/2-1
blocks. For example, when the interval stepping strategy
is that the millimeter-wave antenna is controlled to make
a stepping rotation in the sequence of block 1-block 5-
block 8-block 4-block 7-block 3-block 6-block 2, block 1
is the initial block, and block 5 is the next block relative
to the initial block.

[0044] In animplementation, during rotation of the mil-
limeter-wave antenna, the RF circuit can correspondingly
measure the network information of the antenna signal
received by the millimeter-wave antenna in each block.
The processor may be configured to obtain, from the RF
circuit, the network information of the antenna signal re-
ceived by the millimeter-wave antenna in each block. For
example, the antenna signal received by the millimeter-
wave antenna is a millimeter-wave signal. During rotation
of the millimeter-wave antenna, the RF circuit can corre-
spondingly measure the network information of the mil-
limeter-wave signal received by the millimeter-wave an-
tenna in each block.

[0045] In an implementation, the network information
of the antenna signal measured in each block can be
understood as network information of the antenna signal
measured at any rotation angle in each block, or can be
understood as average network information of the anten-
na signals measured at multiple rotation angles in each
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block, or can be understood as maximum network infor-
mation of the antenna signals measured at multiple ro-
tation angles in each block.

[0046] The rotation angle can be understood to be a
rotation angle of the millimeter-wave antenna from the
initial position to the current position.

[0047] In an implementation, the absolute zero point
can be set by the magnetic coding chip, and by setting
the absolute zero pointas the initial position, the magnetic
coding chip can record the rotation angle of the millime-
ter-wave antenna from the initial position to the current
position. Certainly, in other implementations, a rotation
angle of the millimeter-wave antenna from the previous
position to the current position can be recorded in an
angle measurement manner.

[0048] In an implementation, the processor is further
configured to determine the target block for the millime-
ter-wave antenna according to the multiple pieces of net-
work information measured. The network information in-
cludes at least one of RSRP, RSRQ, a RSSI, an SNR,
and a rank of an MIMO channel matrix. In an implemen-
tation, there is no further limitation on definition of the
network information.

[0049] For example, a reference signal parameter is
selected from atleast one signal parameter of each piece
of network information, and one piece of network infor-
mation a value of the reference signal parameter of which
is maximum is selected from the multiple pieces of net-
work information and is taken as target network informa-
tion. In an implementation of the present disclosure, the
RSRP is taken as example for illustration. That is, the
processor can be configured to obtain multiple RSRP
values of the millimeter-wave antenna in multiple blocks,
determine a maximum RSRP value among the multiple
RSRP values, determine the network information the
RSRP value of which is the maximum RSRP value as
target network information, and determine a block corre-
sponding to the target network information as the target
block.

[0050] The processor 22 is further configured to con-
trol, in the target block, the driving module to drive the
millimeter-wave antenna to rotate according to a preset
rotation stepping, so as to obtain the target orientation.
The processor 22 is further configured to control the mil-
limeter-wave antenna to rotate to the target orientation.
[0051] Furthermore, the driving module 252 can drive
the millimeter-wave antenna to rotate according to the
preset rotation stepping, so as to obtain the target orien-
tation. The preset rotation stepping n may be smaller
than or equal to an included angle of a scan range cor-
responding to the target block. For example, when the
included angle of the scan range corresponding to the
target block is 30 degrees, the preset rotation stepping
n may be 1 degree, 2 degrees, 5 degrees, 10 degrees,
15 degrees, or the like. What needs to be illustrated is
that the preset rotation stepping n is determined by an
antenna scan coverage range and frequency spectrum
characteristics of the millimeter-wave antenna, where the
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wider the scan coverage range of the millimeter-wave
antenna, the larger the preset rotation stepping n.
[0052] In an implementation, the processor 22 is fur-
ther configured to drive, in the targetblock, the millimeter-
wave antenna to rotate according to the preset rotation
stepping to obtain network information in each rotation
orientation, and determine the target orientation of the
millimeter-wave antenna according to the network infor-
mation obtained in each rotation orientation. For exam-
ple, when the driving mechanism 252 drives the millim-
eter-wave antenna to rotate once according to the preset
rotation stepping, the RF circuit 242 can correspondingly
obtain network information of the millimeter-wave anten-
na in current orientation. When the included angle of the
scan range corresponding to the target orientation is 60
degrees and the preset rotation stepping is 5 degrees,
the driving mechanism 252 can drive the millimeter-wave
antenna to make stepping rotation twelve times in the
target block, obtain twelve pieces of network information
in the target block, and determine the target orientation
according to the twelve pieces of network information.
After determining the target orientation, the millimeter-
wave antenna can be rotated to the target orientation,
and thus the millimeter-wave antenna can be accurately
aligned with the base station.

[0053] The processor 22 in the CPE can control, ac-
cording to the interval stepping strategy, the driving
mechanism to drive the millimeter-wave antenna to ro-
tate, such that in different blocks network information of
a millimeter-wave signal can be measured to determine
the target block for the millimeter-wave antenna. The
processor 22 can further drive, in the target block, the
millimeter-wave antenna to rotate according to the preset
rotation stepping to obtain the target orientation, and thus
by controlling rotation of one millimeter-wave antenna,
an omnidirectional coverage of the scan range can be
achieved, thereby reducing cost. Meanwhile, based on
the interval stepping strategy, the driving mechanism is
controlled to drive the millimeter-wave antenna to rotate,
so as to perform interval scan on the multiple blocks to
determine the target block. Mutual interference between
two adjacent stepping rotations is lowest, and thus signal
interference can be reduced. Furthermore, based on the
target block the target orientation for 5G network access
can be determined, thereby increasing an alignment ac-
curacy between the millimeter-wave antenna and the
base station and accordingly improving communication
quality.

[0054] In an implementation, the processor 22 is fur-
ther configured to obtain network information measured
in the current block and the previous block, and update
the interval stepping strategy according to the network
information measured in the current block and the previ-
ous block.

[0055] For example, when the included angle of the
scan range corresponding to each block is 90 degrees,
there are four blocks. The blocks can be identified in the
clockwise direction or counterclockwise direction, for ex-
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ample, the blocks can be identified as block 1, block 2,
block 3, and block 4. Correspondingly, the interval step-
ping strategy is that the millimeter-wave antenna is con-
trolled to make an interval stepping rotation in the se-
quence of block 1-block 3-block 2-block 4.

[0056] The processor 22 can be configured to obtain,
from the RF circuit, network information measured in
block 1 and block 3. If a value of a reference signal pa-
rameter of the network information measured in block 3
is larger than a value of a reference signal parameter of
the network information measured in block 1, the target
block is determined from block 2, block 3, and block 4. If
the value of the reference signal parameter of the network
information measured in block 1 is larger than the value
of the reference signal parameter of the network infor-
mation measured in block 3, the target block is deter-
mined from block 1, block 2, and block 4.

[0057] For example, when it needs to determine the
targetblock from block 2, block 3, and block 4, the interval
stepping strategy can be changed to be that rotation is
made in the sequence of block 1-block 3-block 4. If a
value of a reference signal parameter of network infor-
mation measured in block 4 is larger than the value of
the reference signal parameter of the network information
measured in block 3, block 4 is determined as the target
block, and at this point, the CPE 10 does not control the
millimeter-wave antenna to rotate. If the value of the ref-
erence signal parameter of the network information
measured in block 3 is larger than the value of the refer-
ence signal parameter of the network information meas-
uredin block 4, the millimeter-wave antenna is controlled
to make a sequential stepping rotation in the sequence
of block 3-block 2, and the interval stepping strategy is
changed to be that rotation is made in the sequence of
block 1-block 3-block 2. If the value of the reference signal
parameter of the network information measured in block
3 is larger than a value of a reference signal parameter
of network information measured in block 2, the block 3
is determined as the target block, and the interval step-
ping strategy is changed to be that rotation is made in
the sequence of block 1-block 3.

[0058] The CPE 10 can control the millimeter-wave an-
tenna to rotate according to the updated interval stepping
strategy and determine the target block after searching
for part of the blocks, thereby increasing a speed of de-
termining the target block and improving an efficiency of
network searching.

[0059] In an implementation, the millimeter-wave an-
tennaincludes multiple radiation units. The RF circuit 242
can control an angle in which each radiation unit radiates
a wave beam according to an amplitude and a phase of
an antenna signal received by each radiation unit, such
that the radiation units receive antenna signals to obtain
a wave beam having a certain direction angle.

[0060] In an implementation, the multiple radiation
units are taken as a whole. The processor 22 can be
configured to obtain, from the RF circuit, network infor-
mation of the antenna signal received by each radiation
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unit, and calculate a value of multiple pieces of network
information of the antenna signals received by the mul-
tiple radiation units in the current rotation orientation. The
value of the multiple pieces of network information can
be understood to be an average value or a maximum
value of the multiple pieces of network information of the
antenna signals received by the multiple radiation units.
What needs to be illustrated is that in the implementation
of the present disclosure, there is no further limitation on
definition of the network information.

[0061] The processor 22 is further configured to obtain
multiple network data packets of the antenna signals re-
ceived by the multiple radiation units in the target block.
The network data packet contains signal quality informa-
tion of the antenna signals received by each radiation
unit in different orientations. The processor 22 is further
configured to update the preset rotation stepping accord-
ing to the multiple network data packets of the antenna
signals received by the multiple radiation units in the tar-
get block, and control the driving module to drive the mil-
limeter-wave antenna to rotate according to the updated
preset rotation stepping, so as to obtain the target orien-
tation.

[0062] For example, the millimeter-wave antenna in-
cludes four radiation units. The four radiation units may
be linearly arranged and locate in a same plane, or may
be arranged in a 2*2 array. Position information of the
four radiation units may be expressed as P(x,y), Px(X,
y), P5(x,y), and P4(x,y). At a same time point only one of
the four radiation units is in a working state. When one
radiation unit works, the RF circuit 242 can obtain signal
quality information of antenna signals received by the
radiation unit in different orientations.

[0063] In animplementation, the processor 22 can be
configured to obtain the network data packets, where the
network data packets can be expressed as Qp4, Qpy,
Qp3, and Qp,. Meanwhile, the network data packet of
each radiation unit can include spatial position informa-
tion of each radiation unit and beam directive information
of each radiation unit in each orientation, that is, signal
quality information of a millimeter-wave antenna signal
received by each radiation unit in each orientation.
[0064] The processor 22 can be configured to update
the interval stepping strategy according to the multiple
network data packets obtained in the target block. In an
implementation, the processor 22 can be configured to
determine the maximum network data packet Q,,, from
the four network data packets Qpq, Qpy, Qps, Qpy, and
determine a target radiation unit according to the maxi-
mum network data packet Q,,,. The CPE 10 can deter-
mine spatial position information of the target radiation
unit and signal quality of a wave beam received by the
target radiation unit in each orientation according to the
target radiation unit, determine an orientation of a wave
beam a value of the signal quality of which is maximum,
and determine the orientation as a target tracking orien-
tation. The processor 22 can be configured to update the
preset rotation stepping by obtaining the millimeter-wave
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antenna signal according to the target tracking direction,
and obtain the target orientation according to the updated
preset rotation stepping.

[0065] What needs to be illustrated is that a corre-
spondence between the position of the absolution zero
point in the driving mechanism 252 and the position in-
formation of the four radiation units can be stored in the
memory 21 in advance, and thus a correspondence be-
tween rotation angles of the driving mechanism 252 and
target tracking orientations can be established.

[0066] The CPE 10can update the presetrotation step-
ping according to the spatial position information of each
radiation unit of the millimeter-wave antenna and the net-
work information received by each transceiver unit, and
thus rotation of the millimeter-wave antenna can be con-
trolled, a high coupling degree can be provided, and the
target orientation can be quickly determined in the target
block.

[0067] In an implementation, the CPE 10 can work in
a stand alone (SA) networking mode, and can also work
in a non-standalone (NSA) networking mode. The 3rd
generation partnership project (3GPP) defines two
schemes for 5G new radio (NR) networking, namely SA
networking and NSA networking. When the CPE 10
needs to perform 5G communication, the CPE 10 can
connect to a cell with the ability of supporting the NSA
networking or SA networking, and connect to an NR air
interface according to different networking modes, so that
the CPE 10 can enjoy 5G service.

[0068] When the CPE 10 works in the NSA networking
mode, the processor 22 is further configured to receive
a measurement command from the base station based
on a first network system, where the measurement com-
mand at least contains time information configured by
the base station and used for instructing the CPE 10 to
measure an antenna signal supported by a second net-
work system. The first network system is a 4G network
system, and the second network system is a 5G network
system. According to the measurement command, the
driving mechanism 252 is controlled to drive the millim-
eter-wave antenna to rotate according to the interval
stepping strategy.

[0069] Inanimplementation, the processor 22 may be
configured to actively initiate a procedure of connecting
to the first network system and control the CPE 10 to
reside on the first network system. When the CPE 10
successfully resides on the first network system, the CPE
10 can receive the measurement command from the
base station via the first network system. The measure-
ment command at least contains the time information
configured by the base station, a network access thresh-
old for controlling residing of the CPE 10 on the second
network system, and so on. The time information is in-
dicative of a duration of that the CPE 10 measures the
second network system. For example, the time informa-
tion may be periodic information or aperiodic information
of thatthe CPE 10 measures the second network system.
Whenthe CPE 10 performs two adjacent measurements,
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the period information is an interval between the start
time of a first measurement and the start time of a second
measurement, or an interval between the end time of the
first measurement and the start time of the second meas-
urement, or an interval between the end time of the first
measurement and the end time of the second measure-
ment.

[0070] The first network system and the second net-
work system may correspond to corresponding frequen-
cy band ranges. For example, the first network system
is the 4G network, and a network system corresponding
to the first network system is a long term evolution (LTE)
system. The second network system is the 5G network,
and a network system corresponding to the second net-
work system is the 5G NR system.

[0071] The measurement command is configured by
the base station, and the base station can set different
time information according to the density of the NR sys-
tems. For example, the time information may be 1 sec-
ond, 5 seconds, 10 seconds, or other. Forexample, when
the base station determines that the NR cells around the
LTE cell where the CPE locates are densely deployed,
and the area where the CPE 10 locates is well covered
by the NR systems, the base station can set the time
information of that the CPE 10 measures the second net-
work system to be relatively long, so as to reduce the
power consumption ofthe CPE 10. When the base station
determines that the NR cells around the LTE cell where
the CPE 10 locates is relatively sparse, the base station
can set the time information of that the CPE 10 measures
the second network system to be relatively short, so as
to ensure that the CPE 10 can timely detect whether the
CPE 10 is covered by the second network system.
[0072] In an implementation, when the network that
the CPE 10 resides on is the first network system (4G
network) and the second network system is the 5G net-
work, the first network system (LTE system) supports the
NSA function, thatis, supports a combination networking
of the first network system and the second network sys-
tem (NR system).

[0073] In an implementation, when the processor 22
is configured to control the millimeter-wave antenna to
rotate according to the measurement command and cor-
respondingly obtain the network information measured
in each block by the RF circuit, the CPE 10 can control
the millimeter-wave antenna to rotate according to the
time information contained in the measurement com-
mand, so as to search for NR cells. Each time the mil-
limeter-wave antenna rotates, the network information of
the antenna signal can be measured once in each block.
[0074] The processor 22 is configured to periodically
perform antenna signal measurement according to the
measurement command configured by the base station,
which can avoid increment of power consumption of the
CPE 10 caused by real-time and continuous measure-
ment of the antenna signal.

[0075] In an implementation, when the time informa-
tion received by the CPE 10 satisfies a condition of net-
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work exiting, the processor 22 is further configured to exit
the first network system and reside on the first network
system once more to receive the measurement com-
mand from the base station once more.

[0076] The time information may be periodic informa-
tion or aperiodic information. When the time information
is the aperiodic information, the condition of network ex-
iting is met. When the time information is the periodic
information and the time information is longer than a first
preset duration, the condition of network exiting is met.
The first preset duration may be understood as a duration
of that the CPE 10 does not find the second network
system according to the time information.

[0077] In an implementation, the processor 22 is fur-
ther configured to transmit an adjustment request to the
base station when the periodical information is longer
than a second preset duration and shorter than the first
preset duration, where the adjustment request is used
fordirecting the base station to adjustthe time information
contained in the measurement command.

[0078] The processor 22 may also be configured to
control the millimeter-wave antenna to periodically
search for an antenna signal according to the time infor-
mation from the base station. If the periodical information
is longer than the second preset duration, an antenna
signal can be found according to the periodical informa-
tion, but the searching efficiency is low, and power con-
sumption of that the CPE 10 performs searching is high.
The CPE 10 can transmit the adjustment request to the
base station. The base station can adjust the time infor-
mation in the measurement command according to the
adjustment request received. The adjustment request
may also carry target time information. The base station
can adjust the measurement command according to the
target time information carried in the adjustment request
to shorten cycle time information, so as to improve the
efficiency of searching for the second network system by
the CPE 10 and reducing power consumption of the CPE
10.

[0079] In an implementation, the measurement com-
mand further contains a network access threshold for
connecting to the second network system. The processor
22 is further configured to determine a block as the target
block when network information corresponding to the
block is greater than or equal to the network access
threshold.

[0080] The network access threshold meets a stand-
ard value for the CPE 10 to connectto the second network
system. It should be noted that the standard value may
be the lowest standard value, the highest standard value,
or any one of the lowest standard value and the highest
standard value.

[0081] In animplementation, during the rotation of the
millimeter-wave antenna, each time the millimeter-wave
antenna rotates, the network information of the antenna
signal is measured once in the current block, and the
obtained network information is compared with the net-
work access threshold. If the network information meets
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the network access threshold, the current block is deter-
mined as the target block, and then a network access
requestis sent to the base station in the target block. The
network access request is used to instruct the base sta-
tion to transmit a network access command for connect-
ing to the second network system to the CPE 10, such
that the CPE 10 initiates network access according to
the network access command, and then the CPE 10 re-
sides on the second network system.

[0082] In an implementation, the processor 22 is con-
figured to immediately stop controlling the rotation of the
millimeter-wave antenna when the obtained network in-
formation meets the network access threshold, so that
the millimeter-wave antenna stops searching for antenna
signals, which can improve the efficiency of searching
for antenna signals by the CPE 10, thereby increasing
the speed at which the CPE 10 connects to the second
network system.

[0083] In animplementation, for each block, the proc-
essor 22 is further configured to connect to the second
network system when the measured network information
is greater than or equal to the network access threshold,
obtain beam information of an antenna signal received
by the millimeter-wave antenna, exit the second network
system, and determine the target block according to the
beam information in at least one block.

[0084] In each block, the CPE 10 can correspondingly
obtain the network information of the second network
system measured via the millimeter-wave antenna, and
compare the obtained network information with the net-
work access threshold. When the network information is
greater than the network access threshold, the CPE 10
determines that the network information meets the net-
work access condition and that the CPE 10 can connect
to the second network system in the block corresponding
to the network information. After the CPE 10 connects to
the second network system, the CPE 10 can obtain the
beam information of the antenna signal received by the
millimeter-wave antenna from the base station. The
beam information may refer to gain information of the
antenna signal received by the millimeter-wave antenna.
After the CPE 10 obtains the beam information, the CPE
10 can exit the second network system. That is, the proc-
essor 22 can be configured to connect to the second
network system in each block to obtain the beam infor-
mation when the network information is greater than or
equal to the network access threshold, and exit the sec-
ond network system.

[0085] During the rotation of the millimeter-wave an-
tenna, the processor 22 can be configured to obtain, in
at least one block, beam information received by the mil-
limeter-wave antenna. For example, the processor 22
may be configured to correspondingly obtain m pieces
of beam information, where m is larger than or equal to
1. The processor 22 can be configured to select one piece
of beam information with the maximum value from the m
pieces of beam information, and determine the block cor-
responding to the piece of beam information with the
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maximum value as the target block. After the target block
is determined, the processor 22 can be configured to
control the millimeter-wave antenna to rotate to the target
block, so as to provide a condition for the CPE 10 to
connect to the second network system.

[0086] Inthisimplementation, during controlling the ro-
tation of the millimeter-wave antenna, the CPE 10 can
connect to the second network system under a preset
condition, correspondingly obtain the beam information
received by the millimeter-wave antenna, and then de-
termine the target block based on multiple pieces of beam
information, which can improve communication quality
of that the CPE 10 connects to the second network sys-
tem.

[0087] In an implementation, the processor 22 is fur-
ther configured to transmit omnidirectional network data
to the base station. The omnidirectional network data
contains network information measured in each block
and carries an obtaining request, where the obtaining
request is used for directing the base station to determine
the target block according to the omnidirectional network
data.

[0088] The omnidirectional network data at least con-
tains network information in part of the blocks and a cell
identifier of each NR cell corresponding to each block,
where the network information further carries block infor-
mation. That is, the omnidirectional network data may be
network information in each block in an omnidirectional
condition, or may be network information in part of the
blocks filtered by the CPE 10 according to a threshold.
After the base station receives the omnidirectional net-
work data, the base station can know a signal layout of
the second network system in the entire space according
to the omnidirectional network data, and then determine
a target NR cell that the CPE 10 can connect to, and
perform target-block matching according to the target NR
cell. For example, the base station can determine the
target NR cell based on comprehensive consideration of
information such as load of each NR cell. The base sta-
tion can transmit the target block determined to the CPE
10.

[0089] In this implementation, the processor 22 may
be configured to transmit the omnidirectional network da-
ta obtained to the base station, and the base station de-
termines the target block in which the CPE 10 plans to
connect to the second network system according to the
information such as the load of each NR cell. Therefore,
access resources of the NR cells can be allocated rea-
sonably, and the efficiency of that the CPE 10 connects
to the second network system can be improved.

[0090] In an implementation, the processor 22 is fur-
ther configured to connect to the second network system
in each rotation orientation when the millimeter-wave an-
tenna is driven, in the target block, to rotate according to
the preset rotation stepping, corresponding obtain, in
each rotation orientation, beam information of an antenna
signal received by the millimeter-wave antenna after the
millimeter-wave antenna connects to the second network



21 EP 3 855 633 A2 22

system, exit the second network system, and determine
the target orientation according to the beam information
in each rotation orientation.

[0091] In an implementation, in the target block, the
driving mechanism 252 can drive the millimeter-wave an-
tenna to rotate according to the preset rotation stepping,
and each time the millimeter-wave antenna rotates, the
millimeter-wave antenna can connect to the second net-
work system in the current orientation based on the RF
circuit 242. After the millimeter-wave antenna connects
to the second network system, the RF circuit 242 can
obtain the beam information of the antenna signal re-
ceived from the base station by the millimeter-wave an-
tenna. The beam information may refer to the gain infor-
mation of the antenna signal received by the millimeter-
wave antenna. After the CPE 10 obtains the beam infor-
mation, the CPE 10 can exit the second network system.
The RF circuit 242 can correspondingly obtain multiple
pieces of beam information of antenna signals received
by the millimeter-wave antenna from the base station in
different rotation orientations in the target block, and de-
termine an orientation corresponding to the beam infor-
mation having the maximum value as the target orienta-
tion.

[0092] In an implementation, the processor 22 is fur-
ther configured to connect to the second network system
in the target orientation, obtain beam information of cur-
rent beam connecting the millimeter-wave antenna and
the base station based on the second network system,
and control, according to the beam information, the mil-
limeter-wave antenna to rotate within a preset rotation
range to calibrate a direction in which the millimeter-wave
antenna is aligned with the base station.

[0093] When the millimeter-wave antenna rotates to
the target orientation, the millimeter-wave antenna can
connect to the second network system in the target ori-
entation. For example, the processor 22 can be config-
ured to transmit an access request for connecting to the
second network system to the base station when the mil-
limeter-wave antenna rotates to the target orientation.
The base station can transmit the network access com-
mand for connecting to the second network system to
the CPE 10 according to the access request. The proc-
essor 22 can be configured to connect to the second
network system according to the network access com-
mand.

[0094] The processor 22 can be configured to transmit
and receive signals from the second network system via
the millimeter-wave antenna when the CPE 10 connects
to the second network system, and can obtain the beam
information of the current beam connecting the base sta-
tion and the millimeter-wave antenna. The beam infor-
mation at least contains the gain information of the mil-
limeter-wave antenna in various orientations.

[0095] The processor 22 can be configured to control
the millimeter-wave antenna to rotate within the preset
range according to the beam information, so as to slightly
adjust the direction in which the millimeter-wave antenna
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is aligned with the base station. For example, the proc-
essor 22 can be configured to obtain the gain information
of the millimeter-wave antenna in various orientations,
for example, the gain information in the orientation g is
the largest. At this point, the CPE 10 may control the
millimeter-wave antenna to rotate to make a plane where
the millimeter-wave antenna locates be perpendicular to
the orientation g, so that the millimeter-wave antenna
can be aligned with the current beam connected to the
base station to realize gain maximization of the millime-
ter-wave antenna.

[0096] Inanimplementation of the present disclosure,
by setting the millimeter-wave antenna that can be con-
trolled to rotate, in various actual application scenarios,
according to information such as quality of signals re-
ceived by the millimeter-wave antenna, the millimeter-
wave antenna is controlled to rotate, the radiation direc-
tion of the millimeter-wave antenna is automatically ad-
justed to be accurately aligned with the antenna beam
of the base station, such that alignment efficiency and
communication quality can be improved.

[0097] In an implementation, the processor 22 can be
configured to obtain signal quality information of the an-
tenna signal received by the millimeter-wave antenna.
When within a preset duration a value of the signal quality
information is lower than a preset quality threshold, the
CPE 10 controls the millimeter-wave antenna to rotate
once more according to a calibration- rotation scheme.
[0098] In an implementation, when the CPE 10 con-
nects to the second network system, the processor 22
can be configured to obtain the signal quality information
of the antenna signal received by the millimeter-wave
antenna. The signal quality information may include an
RSSI, an SNR, RSRP, and so on. In a case that the CPE
10 connects to the second network system, when the
millimeter-wave antenna receives the wave beam from
the base station connected to the millimeter-wave anten-
na, the signal quality of the antenna signal received by
the millimeter-wave antenna changes with a change of
environment where the CPE 10 locates. When within the
preset duration the value of the signal quality information
is lower than the preset quality threshold, the CPE 10
may disconnect from the second network system. At this
point, the processor 22 can be configured to control the
millimeter-wave antenna to rotate according to the cali-
bration- rotation scheme to adjust the direction in which
the millimeter-wave antenna is aligned with the base sta-
tion, thereby improving communication quality of the CPE
10.

[0099] What needs to be illustrated is that the preset
quality threshold and the preset duration can be set ac-
cording to antenna performance parameters of the mil-
limeter-wave antenna, frequency bands at which the mil-
limeter-wave antenna transmits signal to and receives
signal from the second network system, and so on. In
the implementation of the present disclosure, there is no
further limitation on definition of the preset quality thresh-
old and the preset duration.
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[0100] In an implementation, the calibration-rotation
scheme includes automatic calibration based on the mil-
limeter-wave antenna.

[0101] Inanimplementation, the processor canbe con-
figured to obtain an identification request from the RF
circuit, where the identification request is transmitted by
the base station and used for directing the CPE 10 to
obtain an equipment calibration type. The processor 22
can be configured to report a type result to the base sta-
tion according to the identification request, and perform,
according to the calibration command transmitted by the
base station, the automatic calibration on the radiation
direction of the millimeter-wave antenna based on the
millimeter-wave antenna.

[0102] The equipment calibration type includes auto-
matic equipment calibration and passive equipment cal-
ibration. The automatic equipment calibration may be un-
derstood as that the CPE 10 supports automatic calibra-
tion of the radiation direction of the millimeter-wave an-
tenna, and the passive equipment calibration may be un-
derstood as that the CPE 10 does not support the auto-
matic calibration of the radiation direction of the millime-
ter-wave antenna, and other auxiliary devices are need-
ed to realize the calibration of the radiation direction of
the millimeter-wave antenna.

[0103] The calibration command is determined by the
base station according to the equipment type result re-
ported by the CPE 10. When the equipment type result
is the automatic equipment calibration, the base station
generates a corresponding calibration command and
transmits the calibration command generated to the CPE
10.

[0104] In an implementation, the calibration-rotation
scheme may be that the millimeter-wave antenna is con-
trolled to rotate once more according to the recorded net-
work information of the antenna signal received by the
millimeter-wave antenna in each block. For example, the
processor 22 can be configured to determine, according
to the network information measured in each block, mul-
tiple access blocks in which the CPE 10 can connect to
the second network system, determine a rotation priority
of each access block according to the network informa-
tion corresponding to each access block, and control the
millimeter-wave antenna to rotate according to the rota-
tion priority of each access block. For example, the mul-
tiple access blocks may be called as a first access block,
a second access block, ..., and a Nth access block, and
the rotation priorities of the first access block, the second
access block, ...., and the Nth access block are arranged
in a descending order. The CPE 10 can control the mil-
limeter-wave antenna to rotate in a rotation sequence of
the first access block, the second access block, ..., and
the Nth access block. Each time the millimeter-wave an-
tenna rotates, whether within the preset duration the val-
ue of the signal quality information received is lower than
the preset quality threshold is determined.

[0105] Furthermore, the processor 22 can be config-
ured to rotate the millimeter-wave antenna to the target
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access block according to the network information cor-
responding to each access block, so as to calibrate the
direction in which the millimeter-wave antenna is aligned
with the base station.

[0106] According to an implementation of the present
disclosure, a method for antenna control is provided. The
method is applied to the CPE described in any of the
above implementations. The CPE includes the millime-
ter-wave antenna, the RF circuit, and the driving module.
The millimeter-wave antenna is configured to transmit
and receive an antenna signal at a millimeter-wave fre-
quency band. The RF circuit is coupled with the millim-
eter-wave antenna, configured to control the millimeter-
wave antenna to transmit and receive an antenna signal,
and correspondingly measure network information of the
antenna signal. The driving module is coupled with the
millimeter-wave antenna and configured to drive the mil-
limeter-wave antenna to rotate.

[0107] Asillustratedin FIG. 7, in an implementation, a
method for antenna control includes operations at 702
to 708.

[0108] At702,control,accordingto aninterval stepping
strategy, the driving module to drive the millimeter-wave
antenna to rotate to perform interval scan on multiple
blocks, and obtain network information measured in each
block by the RF circuit to obtain multiple pieces of network
information measured.

[0109] In an implementation, a range scanned by ro-
tation of the millimeter-wave antenna may be a 360-de-
gree omnidirectional range in a horizontal plane. Thatis,
the driving mechanism can drive the millimeter-wave an-
tenna to make a 360-degree omnidirectional coverage
rotation. The CPE can divide the range scanned by ro-
tation of the millimeter-wave antenna into multiple blocks.
The scanrange corresponding to each block is the same,
thatis, anincluded angle A of the scan range correspond-
ing to each block is also the same. The included angle
A of the scan range corresponding to each block may be
180 degrees, 120 degrees, 90 degrees, 72 degrees, 60
degrees, 45 degrees, 30 degrees, 15 degrees, or other.
[0110] In an implementation, the interval stepping
strategy may be understood as that when stepping from
the current block to the next block during rotation, instead
of stepping in a clockwise or counterclockwise direction,
an interval stepping rotation is performed. The interval
stepping rotation may be understood as a stepping rota-
tion with one or more blocks between the current block
and the previous block or a stepping rotation with one or
more blocks between the current block and the next
block.

[0111] In animplementation, the CPE can control, ac-
cording to the interval stepping strategy constructed, the
driving module to drive the millimeter-wave antenna to
rotate to perform the interval scan on the multiple blocks.
For example, when the interval stepping strategy is that
the stepping rotation is performed in the sequence of
block 1-block 3-block 5-block 2-block 4, the CPE can
drive the millimeter-wave antenna to make the stepping
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rotation in the sequence of block 1-block 3-block 5-block
2-block 4. During rotation of the millimeter-wave antenna
controlled according to the interval stepping strategy,
when stepping from block 1 to block 3, go over block 2,
and directly control the millimeter-wave antenna to scan
the scan range corresponding to block 3.

[0112] In animplementation, during rotation of the mil-
limeter-wave antenna, the RF circuit can measure net-
work information of the antenna signal received by the
millimeter-wave antennain each block. The CPE can ob-
tain, from the RF circuit, the network information of the
antenna signal received by the millimeter-wave antenna
in each block.

[0113] In an implementation, the network information
of the antenna signal measured in each bock can be un-
derstood to be network information of the antenna signal
measured at any rotation angle in each block, or average
network information of antenna signals measured at var-
ious rotation angles in each block, or maximum network
information of antenna signals measured at various ro-
tation angles in each block.

[0114] At 704, a target block for the millimeter-wave
antenna is determined according to the multiple pieces
of network information measured.

[0115] In an implementation, the CPE determines the
target block for the millimeter-wave antenna according
to the multiple pieces of network information measured.
For example, a reference signal parameter is selected
from at least one signal parameter of each piece of net-
work information, and one piece of network information
avalue ofthe reference signal parameter of which is max-
imum is selected from the multiple pieces of network in-
formation and is taken as target network information.
[0116] In animplementation of the present disclosure,
the RSRP is taken as example for illustrating the network
information. That is, the CPE can obtain multiple RSRP
values of the millimeter-wave antenna in multiple blocks,
determine a maximum RSRP value among the multiple
RSRP values, determine the network information the
RSRP value of which is the maximum RSRP value as
the target network information, and determine a block
corresponding to the target network information as the
target block. After determining the target block, the mil-
limeter-wave antenna can be rotated to the target block,
such that the millimeter-wave antenna can be accurately
aligned with the base station.

[0117] At 706, control, in the target block, the driving
module to drive, according to a preset rotation stepping,
the millimeter-wave antenna to rotate to obtain a target
orientation.

[0118] At 708, control the millimeter-wave antenna to
rotate to the target orientation.

[0119] Furthermore, the driving module can drive, ac-
cording to the preset rotation stepping, the millimeter-
wave antenna to rotate in the target block, so as to obtain
the target orientation. The preset rotation stepping n may
be smaller than or equal to an included angle of a scan
range corresponding to the target block. In an example,
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when the included angle of the scan range corresponding
to the target block is 30 degrees, the preset rotation step-
ping may be 1 degree, 2 degrees, 5 degrees, 10 degrees,
15 degrees, or the like. What needs to be illustrated is
that the preset rotation stepping n is determined by an
antenna scan coverage range and frequency spectrum
characteristics of the millimeter-wave antenna, where the
wider the scan coverage range of the millimeter-wave
antenna, the larger the preset rotation stepping n.
[0120] In an implementation, in the target block the
CPE candrive, according to the preset rotation stepping,
the millimeter-wave antenna to rotate to obtain network
information in each rotation orientation, and determine
the target orientation for the millimeter-wave antenna ac-
cording to the network information in each rotation ori-
entation. For example, when the driving mechanism
drives the millimeter-wave antenna to rotate once ac-
cording to the preset rotation stepping, the RF circuit can
correspondingly obtain network information of an anten-
na signal received by the millimeter-wave antennain cur-
rent orientation. When the included angle of the scan
range corresponding to the target orientation is 60 de-
grees and the preset rotation stepping is 5 degrees, the
driving mechanism can drive the millimeter-wave anten-
na to make stepping rotation twelve times in the target
block, obtain twelve pieces of network information in the
target block, and determine the target orientation accord-
ing to the twelve pieces of network information. After de-
termining the target orientation, the millimeter-wave an-
tenna can be rotated to the target orientation, and thus
the millimeter-wave antenna can be accurately aligned
with the base station.

[0121] In an implementation, the CPE can control the
driving mechanism to drive the millimeter-wave antenna
to rotate according to the interval stepping strategy, such
that in each block network information of a millimeter-
wave signal can be measured to determine the target
block for the millimeter-wave antenna. In the target block,
the CPE can drive, according to the preset rotation step-
ping, the millimeter-wave antenna to rotate to obtain the
target orientation, and thus by controlling rotation of one
millimeter-wave antenna, an omnidirectional coverage
ofthe scanrange can be achieved, thereby reducing cost.
Meanwhile, based on the interval stepping strategy, the
driving mechanism is controlled to drive the millimeter-
wave antenna to rotate to perform the interval scan on
the multiple blocks, so as to determine the target block.
Mutual interference between two adjacent stepping ro-
tations is lowest, and thus signal interference can be re-
duced. Furthermore, based on the target block the target
orientation for connecting to a 5G network can be deter-
mined, thereby increasing an alignment accuracy be-
tween the millimeter-wave antenna and the base station
and accordingly improving communication quality.
[0122] Asillustratedin FIG. 8, in an implementation, a
method for antenna control includes operations at 802
to block 810.

[0123] At802,ascanrange ofrotation of the millimeter-
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wave antenna is divided into multiple blocks, where a
scan range corresponding to each block is the same, and
an included angle A of the scan range corresponding to
each block is smaller than a preset included angle.
[0124] At block 804, determine at least one stepping
value according to the amount of the multiple blocks, and
construct an interval stepping strategy according to the
at least one stepping value.

[0125] Accordingto the blocks, the CPE can obtain the
amount a of the blocks correspondingly, where the
amount a=360/A. For example, when the included angle
of the scan range corresponding to each block is 180
degrees, the amount of the blocks is 2, which means that
omnidirectional coverage can be achieved by rotating
twice; when the included angle of the scan range corre-
sponding to each block is 120 degrees, the amount of
the blocks is 3, which means that the omnidirectional
coverage can be achieved by rotating thrice; when the
included angle of the scan range corresponding to each
block is 90 degrees, the amount of the blocks is 4, which
means that the omnidirectional coverage can be
achieved by rotating four times; when the included angle
of the scan range corresponding to each block is 72 de-
grees, the amount of the blocks is 5, which means that
the omnidirectional coverage can be achieved by rotating
five times.

[0126] It should be noted that there is no limitation on
the specific value of the included angle of the scan range
corresponding to each block. In an implementation, the
included angle of the scan range corresponding to each
block is smaller than a preset included angle, where the
preset included angle may be 120 degrees. That is, ac-
cording to the omnidirectional coverage strategy, there
are more than three blocks.

[0127] In animplementation, the included range of the
scan range scanned by rotation of the millimeter-wave
antenna may be @, where @<360 degrees. That is, the
driving mechanism can drive the millimeter-wave anten-
na to rotate to perform partial-orientation scan to achieve
partial-coverage rotation. In an implementation, the CPE
can obtain blocks according to the scan range scanned
by rotation of the millimeter-wave antenna, where the
scan range A corresponding to each block is the same,
that is, the included angle A of the scan range corre-
sponding to each block is the same. According to the
blocks, the amount a of the blocks can be obtained cor-
respondingly, where a=@/A.

[0128] At 806, control the driving module to drive, ac-
cording to the interval stepping strategy, the millimeter-
wave antenna to rotate to perform interval scan on the
multiple blocks.

[0129] At 808, obtain network information measured in
a current bock and a previous bock.

[0130] For example, when the included angel of the
scan range corresponding to each block is 90 degrees,
the amount of the blocks is 4, and the blocks can be
identified in a clockwise or counterclockwise direction,
for example, the blocks can be identified as blocks 1, 2,
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3, 4. A corresponding interval stepping strategy is that
the millimeter-wave antenna is controlled to make an in-
terval stepping rotation in the sequence of block 1-block
3-block 2-block 4.

[0131] In an implementation, the interval stepping
strategy is constructed according to the multiple blocks
as follows. Obtain a scan range corresponding to each
block. Determine a stepping value according to the scan
range corresponding to each block. Determine the inter-
val stepping strategy according to the stepping value.
[0132] When the interval stepping strategy is that the
driving mechanism is controlled to drive the millimeter-
wave antenna to perform the stepping rotation in the se-
quence of the first block -the second block -the third block
-... -the ath block, the millimeter-wave antenna does not
make a sequential stepping in the clockwise or counter-
clockwise direction between the first block and the sec-
ond block, but makes an interval rotation, that is, there
is an interval between the first block and the second
block. The interval between the first block and the second
block is the stepping value. If the current block is the ith
block, the previous block may be the i-1th block, and the
next block may be the i+1th block.

[0133] For example, when the included angle of the
scan range corresponding to each block is 72 degrees,
the amount of the blocks is 5, and the blocks can be
identified in the clockwise or counterclockwise direction,
for example, the blocks can be identified as block 1, block
2, block 3, block 4, and block 5. Further, the stepping
value can be determined according to the scan range
corresponding to each block. The stepping value can be
understood as a scan range between the current block
and the previous block, where the stepping value is the
scan range corresponding to at least one block. Referring
to FIGS. 4a and 4b, for example, when the stepping value
is the scan range corresponding to one block, the interval
stepping strategy determined according to the stepping
value is that the millimeter-wave antenna is controlled to
make a stepping rotation in the sequence of block 1-block
3-block 5-block 2-block 4 or in the sequence of block 1-
block 4-block 2-block 5-block 3.

[0134] Referring to FIGS. 5a and 5b, for example,
when the included angel of the scan range corresponding
to each block is 90 degrees, the amount of the blocks is
4, and the blocks can be identified in the clockwise or
counterclockwise direction, for example, the blocks can
be identified as blocks 1, 2, 3, 4. When the stepping value
is the scan range corresponding to one block, the interval
stepping strategy determined according to the stepping
value is that the millimeter-wave antenna is controlled to
make a stepping rotation in the sequence of block 1-block
3-block 2-block 4 or in the sequence of block 1-block 3-
block 4-block 2.

[0135] Referringto FIG. 6, in animplementation, when
the included angle of the scan range corresponding to
each block is 45 degrees and the amount of the blocks
is 8, the blocks can be identified in the clockwise or coun-
terclockwise direction, for example, the blocks can be
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identified as blocks 1, 2, 3, 4, 5, 6, 7, 8. At least one
stepping value can be determined according to the scan
range corresponding to each block. In an implementa-
tion, there are two stepping values, where one stepping
value is a scan range corresponding to two blocks, and
the other stepping value is a scan range corresponding
to three blocks. The interval stepping strategy deter-
mined according to the stepping values is that the mil-
limeter-wave antenna is controlled to make a stepping
rotation in the sequence of block 1-block 5-block 8-block
4-block 7-block 3-block 6-block 2.

[0136] It should be noted that block 1 can be used as
an initial block, where there is no any limitation on an
initial position of block 1, and the initial position of block
1 may be any position of a 360-degree circumference.
According to the omnidirectional coverage strategy, the
360-degree omnidirectional orientation can be divided
into a blocks, and when stepping from the a-2th block to
the a-1th block or the ath block, only sequential stepping
rotation can be performed, and thus the millimeter-wave
antenna is controlled to rotate in a sequential stepping
manner.

[0137] Further,the stepping value canbe setaccording
to the scan range corresponding to each block and the
amount a of the blocks. When stepping from the initial
block to the next block relative to the initial block, the
stepping value between the initial block and the next
block may be a scan range corresponding to (a-1)/2-1
blocks, or may be a scan range corresponding to a/2-1
blocks. For example, when the interval stepping strategy
is that the millimeter-wave antenna is controlled to make
a stepping rotation in the sequence of block 1-block 5-
block 8-block 4-block 7-block 3-block 6-block 2, block 1
is the initial block, and block 5 is the next block relative
to the initial block.

[0138] At810, the interval stepping strategy is updated
according to network information measured in the current
block and the previous block.

[0139] In a case that the CPE controls the millimeter-
wave antenna to perform the interval stepping rotation in
the sequence of block 1-block 3-block 2-block 4, when
stepping from block 1 to block 3, network information
corresponding to block 1 and block 3 can be correspond-
ingly obtained, and the interval stepping strategy is up-
dated according to the network information correspond-
ing to block 1 and block 3.

[0140] For example, if a value of a reference signal
parameter of network information in block 3 is greater
than that in the block 1, the target block is determined
from block 2, block 3, and block 4. If the value of the
reference signal parameter of network information in
block 1 is greater than that in block 3, the target block is
determined from block 1, block 2, and block 4.

[0141] At 812, the driving module is controlled to drive,
according to the interval stepping strategy updated, the
millimeter-wave antenna to rotate to determine the target
block for the millimeter-wave antenna.

[0142] For example, when it needs to determine the
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targetblock from block 2, block 3, and block 4, the interval
stepping strategy can be changed to be that the millim-
eter-wave antenna is controlled to rotate in the sequence
ofblock 1-block 3-block 4-block 2. If a value of a reference
signal parameter of network information in block 4 is
greater than that in block 3, block 4 is determined as the
target block. At this point, the CPE does not control the
millimeter-wave antenna to rotate. If the value of the ref-
erence signal parameter of the network information in
block 3 is greater than thatin block 4, the millimeter-wave
antenna is controlled to perform sequential stepping ro-
tation in the sequence of block 3-block 2, and the interval
stepping strategy is changed to be that the millimeter-
wave antenna is controlled to rotate in the sequence of
block 1-block 3-block 2. If the value of the reference signal
parameter of the network information in block 3 is greater
than that in block 2, block 3 is determined as the target
block, and the interval stepping strategy is changed to
be that the millimeter-wave antennais controlled to rotate
in the sequence of block 1-block 3.

[0143] The CPE can control the millimeter-wave an-
tenna to rotate according to the interval stepping strategy
updated and obtain the target block after performing a
search operation on part of the blocks, and thus the speed
of determining the target block and the efficiency of net-
work searching are improved.

[0144] In an implementation, the millimeter-wave an-
tennaincludes multiple radiation units. The RF circuit can
control an angle in which each radiation unit radiates a
wave beam according to an amplitude and a phase of an
antenna signal received by each radiation unit, such that
the radiation units receives antenna signals to form a
wave beam having a certain direction angle.

[0145] In an implementation, the multiple radiation
units are taken as a whole. The RF circuit can corre-
spondingly obtain network information of the antenna sig-
nal received by each radiation unit, and calculate a value
of multiple pieces of network information of the antenna
signals received by the multiple radiation units in the cur-
rent rotation direction. The value of the multiple pieces
of network information can be understood to be an aver-
age value or a maximum value of the multiple pieces of
network information of the antenna signals received by
the multiple radiation units. What needs to be illustrated
is that in the implementation of the present disclosure,
there is no further limitation on definition of the network
information.

[0146] As illustratedin FIG. 9, in an implementation, a
method for antenna control includes operations at 902
to 910.

[0147] At 902, the driving module is controlled to drive,
according to an interval stepping strategy, the millimeter-
wave antenna to rotate so as to perform interval scan on
multiple blocks, and correspondingly obtain network in-
formation measured in each block by the RF circuit.
[0148] At 904, in the target block the driving module is
controlled to drive, according to a preset rotation step-
ping, the millimeter-wave antenna to rotate to obtain a
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target orientation.

[0149] At 906, obtain multiple network data packets of
the antenna signals received by the multiple radiation
units in the target block.

[0150] For example, the millimeter-wave antenna in-
cludes four radiation units. The four radiation units may
be linearly arranged and locate in a same plane, or may
be arranged in a 2*2 array. Position information of the
four radiation units may be expressed as P(x,y), Px(X,
y), P3(X,y), and P4(x,y). At a same time point only one of
the four radiation units is in a working state. When one
radiation unit works, the RF circuit can obtain signal qual-
ity information of antenna signals received by the radia-
tion unit in different orientations.

[0151] In an implementation, the CPE can obtain the
network data packets in the target block, where the net-
work data packets can be expressed as Qpq, Qp,, Qpa,
and Qp4. Meanwhile, the network data packet of each
radiation unit can include spatial position information of
each radiation unit and beam directive information of
each radiation unit in each direction, that is, the signal
quality information of the millimeter-wave antenna signal
received by each radiation unit in each orientation.
[0152] At 908, the preset rotation stepping is updated
according to the multiple network data packets obtained
in the target block.

[0153] At 910, the driving module is controlled to drive,
according to the preset rotation stepping updated, the
millimeter-wave antenna to rotate to obtain the target ori-
entation.

[0154] In an implementation, the CPE can determine
a maximum network data packet Qy,,,, from the four net-
work data packets Qp, Qpy, Qps, Qp4, and determine a
target radiation unit according to the maximum network
data packet Q.- The CPE can determine spatial posi-
tion information of the target radiation unit and signal
quality of a wave beam received by the target radiation
unit in each orientation according to the target radiation
unit, determine an orientation of a wave beam a value of
the signal quality of which is maximum, and determine
the orientation as a target tracking orientation. The CPE
can update the preset rotation stepping by obtaining the
millimeter-wave antenna signal according to the target
tracking direction, and obtain the target orientation ac-
cording to the preset rotation stepping updated.

[0155] What needs to be illustrated is that a corre-
spondence between a position of the absolution zero
point in the driving mechanism and position information
of the four radiation units can be stored in the memory
in advance, and thus a correspondence between rotation
angles of the driving mechanism and target tracking ori-
entations can be established.

[0156] The CPE can update the preset rotation step-
ping according to the spatial position information of each
radiation unit of the millimeter-wave antenna and the net-
work information received by each transceiver unit, and
thus rotation of the millimeter-wave antenna can be con-
trolled, a high coupling degree can be provided, and the
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target orientation can be quickly determined in the target
block.

[0157] In an implementation, the CPE can work in an
NSA networking mode, and can also work in a SA net-
working mode. The 3GPP defines two schemes for 5G
NR networking, namely SA networking and NSA net-
working. When the CPE needs to perform 5G communi-
cation, the CPE can connect to a cell with the ability of
supporting the NSA networking or SA networking, and
connect to an NR air interface according to different net-
working modes, so that the CPE can enjoy 5G service.
[0158] Atillustrated in FIG. 10, in an implementation,
when the CPE works in the NSA networking work, a meth-
od for antenna control may include operations at 1002
to 1010.

[0159] At 1002, a measurement command sent by a
base station is received based on a first network system,
where the measurement command at least contains time
information configured by the base station and used for
instructing the CPE to perform antenna signal measure-
ment.

[0160] In an implementation, the CPE can actively in-
itiate a procedure of connecting to the first network sys-
tem and successfully reside on the first network system.
When the CPE successfully resides on the first network
system, the CPE can receive the measurement com-
mand from the base station via the first network system.
The measurement command at least contains time infor-
mation configured by the base station, a network access
threshold for controlling residing of the CPE on the sec-
ond network system, and so on. The time information is
indicative of a duration of that the CPE measures the
second network system.

[0161] The first network system and the second net-
work system can correspond to corresponding frequency
band ranges. For example, the first network system is
the 4G network, and a network system corresponding to
the first network system is an LTE system. The second
network system is the 5G network, and a network system
corresponding to the second network system is the 5G
NR system.

[0162] The measurement command is configured by
the base station, and the base station can set different
time information according to the density of the NR sys-
tems. For example, the time information may be 1 sec-
ond, 5 seconds, 10 seconds, or other. For example, when
the base station determines that the NR cells around the
LTE cell where the CPE locates are densely deployed,
and the area where the CPE 10 locates is well covered
by the NR systems, the base station can set the time
information of that the CPE measures the second net-
work system to be relatively long, so as to reduce the
power consumption of the CPE. When the base station
determines that the NR cells around the LTE cell where
the CPE locates is relatively sparse, the base station can
set the time information of that the CPE measures the
second network system to be relatively short, so as to
ensure that the CPE can timely detect whether the CPE
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is covered by the second network system.

[0163] In an implementation, when the network that
the CPE 10 resides on is the first network system (4G
network), and the second network system is the 5G net-
work, the first network system (LTE system) supports the
NSA function, thatis, supports a combination networking
of the first network system and the second network sys-
tem (NR system).

[0164] At 1004, control, according to the measurement
command, the driving module to drive the millimeter-
wave antenna to rotate according to an interval stepping
strategy to perform interval scan on multiple blocks, and
correspondingly obtain network information measured in
each block by the RF circuit to obtain multiple pieces of
network information.

[0165] In an implementation, when the CPE controls
the millimeter-wave antenna to rotate according to the
measurement command and correspondingly obtain the
network information measured in each block, the CPE
can control the millimeter-wave antenna to rotate accord-
ing to the time information contained in the measurement
command to search for NR cells. Each time the millime-
ter-wave antenna rotates, the network information of the
antenna signal can be measured once in each block.
[0166] The CPE can periodically perform antenna sig-
nal measurement according to the measurement com-
mand configured by the base station, which can avoid
increment of power consumption of the CPE caused by
real-time and continuous measurement of the antenna
signal.

[0167] In an implementation, when the time informa-
tion received by the CPE satisfies a condition of network
exiting, the CPE can exit the first network system and
reside on the first network system once more to receive
the measurement command from the base station once
more. The time information may be periodic information
or aperiodic information. When the time information is
the aperiodic information, the condition of network exiting
is met. When the time information is the periodic infor-
mation and the time information is longer than a first pre-
set duration, the condition of network exiting is met. The
first preset duration may be understood as a duration of
that the CPE does not find the second network system
according to the time information.

[0168] Inanimplementation, the CPE transmits an ad-
justment request to the base station when the periodical
information is longer than a second preset duration and
shorter than the first duration, where the adjustment re-
quest is used for directing the base station to adjust the
time information contained in the measurement com-
mand. The CPE can control the millimeter-wave antenna
to periodically search for an antenna signal according to
the time information from the base station. If the period-
icalinformationis longer than the second preset duration,
an antenna signal can be found according to the period-
ical information, but the searching efficiency is low, and
power consumption of that the CPE performs searching
is high. The CPE can transmit the adjustment request to
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the base station. The base station can adjust the time
information contained in the measurement command ac-
cording to the adjustment request received. The adjust-
ment request may also carry target time information. The
base station can adjust the measurement command ac-
cording to the target time information carried in the ad-
justment request to shorten cycle time information, so as
to improve the efficiency of searching for the second net-
work system by the CPE and reducing power consump-
tion of the CPE.

[0169] At 1006, a target block for the millimeter-wave
antenna is determined according to the multiple pieces
of network information measured.

[0170] At 1008, in the target block the driving module
is controlled to drive, according to a preset rotation step-
ping, the millimeter-wave antenna to rotate to obtain a
target orientation, and control the millimeter-wave anten-
na to rotate to the target orientation.

[0171] In an implementation, the measurement com-
mand further contains a network access threshold for
connecting to the second network system. When any net-
work information is greater than or equal to the network
access threshold, a block is determined as the target
block, where the network information corresponding to
the block is greater than or equal to the network access
threshold. The network access threshold meets a stand-
ard value for the CPE to connect to the second network
system. It should be noted that the standard value may
be the lowest standard value, the highest standard value,
or any one of the lowest standard value and the highest
standard value.

[0172] In animplementation, during the rotation of the
millimeter-wave antenna, each time the millimeter-wave
antenna rotates, the network information of the antenna
signal is measured once in the current block, and the
obtained network information is compared with the net-
work access threshold. If the network information meets
the network access threshold, the current block is taken
as the target block, and then a network access request
is sentto the base station in the target block. The network
access request is used to instruct the base station to
transmit a network access command for connecting to
the second network system to the CPE, such that the
CPE initiates network access according to the network
access command, and then the CPE resides on the sec-
ond network system.

[0173] In an implementation, the CPE immediately
stops controlling the millimeter-wave antenna to rotate
when the obtained network information meets the net-
work access threshold, so that the millimeter-wave an-
tenna stops searching for an antenna signal, which can
improve the efficiency of searching for an antenna signal
by the CPE, thereby increasing the speed at which the
CPE connects to the second network system.

[0174] In an implementation, the manner of obtaining
the network information measured in each block to de-
termine the target block for the millimeter-wave antenna
is as follows. Transmit omnidirectional network data to
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the base station. The omnidirectional network data con-
tains network information measured in each block and
carries an obtaining request, where the obtaining request
is used for directing the base station to determine the
target block according to the omnidirectional network da-
ta.

[0175] The omnidirectional network data at least con-
tains network information in part of the blocks and a cell
identifier of each NR cell corresponding to each block,
where the network information further carries block infor-
mation. That is, the omnidirectional network data may be
network information in each block in an omnidirectional
condition, or may be network information in part of the
blocks filtered by the CPE according to a threshold. After
the base station receives the omnidirectional network da-
ta, the base station can know, according to the omnidi-
rectional network data, a signal layout of the second net-
work system in the entire space, and then determine a
target NR cell that the CPE can connect to, and perform
target-block matching according to the target NR cell.
For example, the base station can determine the target
NR cell based on comprehensive consideration of infor-
mation such as load of each NR cell. The base station
can transmit the target block determined to the CPE.
[0176] In this implementation, the CPE transmits the
omnidirectional network data obtained to the base sta-
tion, and the base station determines the target block in
which the CPE plans to connect to the second network
system according to the information such as the load of
each NR cell. Therefore, access resources of the NR
cells can be allocated reasonably, and the efficiency of
that the CPE connects to the second network system can
be improved.

[0177] As illustrated in FIG. 11, in an implementation,
a method for antenna control includes operations at
1102-1114.

[0178] At 1102, control the driving module to drive, ac-
cording to an interval stepping strategy, the millimeter-
wave antenna to rotate to perform interval scan on mul-
tiple blocks, and corresponding obtain network informa-
tion measured in each block by the RF circuit to obtain
multiple pieces of network information.

[0179] At 1104, a target block for the millimeter-wave
antenna is determined according to the multiple pieces
of network information measured.

[0180] At 1106, in the target block the driving module
is controlled to drive, according to a preset rotation step-
ping, the millimeter-wave antenna to rotate to scan a tar-
get orientation.

[0181] At block 1108, the millimeter-wave antenna is
controlled to rotate to the target orientation.

[0182] The operations at 1102-1108 respectively cor-
respond to the operations at 702-708 described in the
above implementation, which will not be repeated herein.
[0183] At1110,the CPE connects to a second network
system in the target orientation.

[0184] At 1112, obtain beam information of current
beam connecting the millimeter-wave antenna and the
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base station according to the second network system.
[0185] At 1114, control, according to the beam infor-
mation, the millimeter-wave antenna to rotate within a
preset rotation range to calibrate a direction in which the
millimeter-wave antenna is aligned with the base station.
[0186] For example, the CPE can transmit an access
request for connecting to the second network system to
the base station when the millimeter-wave antenna ro-
tates to the target orientation. The base station can trans-
mit the network access command for connecting to the
second network system to the CPE according to the ac-
cess request. The CPE can connect to the second net-
work system according to the network access command.
[0187] In an implementation, the CPE transmits sig-
nals to and receives signals from the second network
system through the millimeter-wave antenna when the
CPE connects to the second network system, and can
obtain the beam information of the current beam con-
necting the base station and the millimeter-wave anten-
na. The beam information at least contains the gain in-
formation of the millimeter-wave antenna in various ori-
entations.

[0188] The CPE can control the millimeter-wave an-
tenna to rotate within the preset rotation range according
to the beam information, so as to slightly adjust the di-
rection in which the millimeter-wave antenna is aligned
with the base station. For example, the CPE can obtain
the gain information of the millimeter-wave antenna in
various orientations, for example, the gain information in
the orientation Sis the largest. At this point, the CPE can
control the millimeter-wave antenna to rotate to make a
plane where the millimeter-wave antenna locates be per-
pendicular to the orientation g, so that the millimeter-
wave antenna can be aligned with the current beam con-
nected to the base station to realize gain maximization
of the millimeter-wave antenna.

[0189] Inanimplementation of the present disclosure,
by setting the millimeter-wave antenna that can be con-
trolled to rotate, in various actual application scenarios,
according to information such as quality of signals re-
ceived by the millimeter-wave antenna, the millimeter-
wave antenna is controlled to rotate, the radiation direc-
tion of the millimeter-wave antenna is automatically ad-
justed to be accurately aligned with the antenna beam
from the base station, such that the alignment efficiency
and communication quality can be improved.

[0190] Asillustrated in FIG. 12, in an implementation,
a method for antenna control may include operations at
1202-block 1206.

[0191] At 1202, control the driving module to drive, ac-
cording to an interval stepping strategy, the millimeter-
wave antenna to rotate to perform interval scan on mul-
tiple blocks, and corresponding obtain network informa-
tion measured in each block by the RF circuit.

[0192] At 1204, for each block, when the network in-
formation measured is greater than or equal to a network
access threshold, the CPE connects to a second network
system, obtains wave information of the antenna signal
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received by the millimeter-wave antenna, and exits the
second network system.

[0193] At 1206, a target block is determined according
to the wave information in each block.

[0194] In an implementation, in each block, the CPE
can corresponding obtain network information of a sec-
ond network system measured via the millimeter-wave
antenna and compare the obtained network information
with a network access threshold. When the network in-
formation is greater than the network access threshold,
the CPE determines that the network information satis-
fies a network access condition and connects to the sec-
ond network system in a block corresponding to the net-
work information.

[0195] When the CPE connects to the second network
system, the CPE can obtain wave information of an an-
tenna signal received from the base station by the mil-
limeter-wave antenna. The wave information may refer
to gain information of the antenna signal received by the
millimeter-wave antenna and so on. When the CPE ob-
tains the wave information, the CPE can exit the second
network system. That s, in each block when the network
information is greater than or equal to the network access
threshold, the CPE can connect to the second network
system to obtain the wave information and exit the sec-
ond network system.

[0196] During rotation of the millimeter-wave antenna,
the CPE can obtain wave information received by the
millimeter-wave antennain at least one block. For exam-
ple, the CPE can correspondingly obtain m pieces of
wave information, select one piece of wave information
with a maximum value from the m pieces of wave infor-
mation, and determine a block corresponding to the piece
of wave information with the maximum value as the target
block, where m is larger than or equal to 1.

[0197] Inanimplementation, during controlling rotation
of the millimeter-wave antenna, the CPE can connect to
the second network system under a preset condition, cor-
respondingly obtain the wave information received by the
millimeter-wave antenna, and determine the target block
according to multiple pieces of wave information, which
can improve communication quality of that the CPE con-
nects to the second network system.

[0198] As illustrated in FIG. 13, in an implementation,
a method for antenna control may include operations at
1302-1314.

[0199] At 1302, control the driving module to drive, ac-
cording to an interval stepping strategy, the millimeter-
wave antenna to rotate to perform interval scan on mul-
tiple blocks, and correspondingly obtain network infor-
mation measured in each block by the RF circuit to obtain
multiple pieces of network information measured.
[0200] At 1304, a targetblock is determined according
to the multiple pieces of network information measured.
[0201] At 1306, in the target block the driving module
is controlled to drive, according to a preset rotation step-
ping, the millimeter-wave antenna to rotate to obtain a
target orientation.
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[0202] At 1308, the millimeter-wave antennais control-
led to rotate to the target orientation.

[0203] At 1310, the CPE connects to asecond network
system in the target orientation.

[0204] At 1312, a signal quality information of the an-
tenna signal received by the millimeter-wave antenna is
obtained.

[0205] At 1314, when within a preset duration a value
of the signal quality information is lower than a preset
quality threshold, the CPE controls the millimeter-wave
antenna to rotate once more according to a calibration-
rotation scheme.

[0206] When the CPE connects to the second network
system, the CPE can correspondingly obtain the signal
quality information of the antenna signal received by the
millimeter-wave antenna. The signal quality information
may include an RSSI, a SNR, RSRP, and so on. In a
case that the CPE connects to the second network sys-
tem, when the millimeter-wave antenna receives the
wave beam from the base station connected to the mil-
limeter-wave antenna, the signal quality of the antenna
signal received by the millimeter-wave antenna changes
with a change of environment where the CPE locates.
When within the preset duration the value of the signal
quality information is lower than the preset quality thresh-
old, the CPE may disconnect from the second network
system. At this point, the CPE can control the millimeter-
wave antenna to rotate according to the calibration-rota-
tion scheme to adjust the direction in which the millimeter-
wave antenna is aligned with the base station, thereby
improving communication quality of the CPE.

[0207] What needs to be illustrated is that the preset
quality threshold and the preset duration can be set ac-
cording to information such as antenna performance pa-
rameters of the millimeter-wave antenna and frequency
bands at which the millimeter-wave antenna transmits
signal to and receives signal from the second network
system. In the implementation of the present disclosure,
there is no limitation on definition of the preset quality
threshold and the preset duration.

[0208] In an implementation, the calibration-rotation
scheme may be that the millimeter-wave antennais con-
trolled to rotate once more according to the recorded net-
work information of the millimeter-wave antenna in each
block.

[0209] For example, the CPE can determine, accord-
ing to the network information measured in each block,
multiple access blocks in which the CPE can connect to
the second network system, determine a rotation priority
of each access block according to the network informa-
tion corresponding to each access block, and control the
millimeter-wave antenna to rotate according to the rota-
tion priority of each access block. For example, the mul-
tiple access blocks may be called as a first access block,
a second access block, ..., and a Nth access block, and
the rotation priorities of the first access block, the second
access block, ..., and the Nth access block are arranged
in a descending order. The CPE can control the millim-
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eter-wave antenna to rotate in a rotation sequence of the
first access block, the second access block, ..., and the
Nth access block. Each time the millimeter-wave antenna
rotates, whether within the preset duration the value of
the signal quality information of the antenna signal re-
ceived is lower than the preset quality threshold is deter-
mined.

[0210] Furthermore, the CPE can rotate the millimeter-
wave antenna to the target access block according to the
network information corresponding to each access block,
so as to calibrate the direction in which the millimeter-
wave antenna is aligned with the base station.

[0211] It should be understood that although various
steps in the flowcharts illustrated in FIGS. 7-13 are dis-
played in sequence as indicated by the arrows, these
steps are not necessarily executed in the order indicated
by the arrows. Unless specifically stated in this specifi-
cation, the execution of these steps is not strictly limited
in order, and these steps can be executedin other orders.
Moreover, at least part of the steps in FIGS. 7-13 may
include multiple sub-steps or multiple stages. These sub-
steps or stages are not necessarily executed at the same
time, but can be executed at different times. These sub-
steps or stages are not necessarily performed sequen-
tially, but may be performed alternately with other steps
or at least part of sub-steps or stages of other steps.
[0212] In animplementation of the present disclosure,
a CPE is further provided. The CPE includes a memory
and a processor. A computer program is stored in the
memory. When the computer program is executed by a
processor, the processor is enabled to perform the op-
erations of the method for antenna control described in
any of the above implementations.

[0213] In animplementation of the present disclosure,
acomputer-readable storage mediumiis further provided.
The computer-readable storage medium may be one or
more non-volatile computer-readable storage mediums
that contain computer-executable instructions. When the
computer-executable instructions are executed by one
or more processors, the one or more processors are en-
abled to execute the operations of the method for antenna
control.

[0214] Acomputerprogram product containinginstruc-
tions is provided. When the instructions are runin a com-
puter, the computer is enabled to execute the operations
of the method for antenna control.

[0215] Anyreference to memory, storage, database or
other medium used in this implementation may include
a non-volatile and/or volatile memory. The non-volatile
memory may include a read only memory (ROM), a pro-
grammable ROM (PROM), an electrically programmable
ROM (EPROM), an electrically erasable programmable
ROM (EEPROM), or a flash memory. The volatile mem-
ory may include a random access memory (RAM) which
acts as an external cache memory. As anillustration rath-
er than a limitation, the RAM is available in many forms,
such as a static RAM (SRAM), a dynamic RAM (DRAM),
a synchronous DRAM (SDRAM), a double data rate
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SDRAM (DDR SDRAM), an enhanced SDRAM (ES-
DRAM), a synchronous Link (Synchlink) DRAM
(SLDRAM), a memory bus (Rambus) direct RAM
(RDRAM), a direct memory bus dynamic RAM
(DRDRAM), and amemory bus dynamic RAM (RDRAM).
[0216] The above implementations are merely some
implementations of the present disclosure, and the de-
scription of the above implementations is relatively spe-
cific and detailed, but it should not be understood as a
limitation to the protection scope of the present disclo-
sure. It should be pointed out that for those of ordinary
skill in the art, without departing from the concept of this
disclosure, several modifications and improvements can
be made, and these modifications and improvements all
fall within the protection scope of this disclosure. There-
fore, the protection scope of this disclosure shall be sub-
ject to the appended claims.

Claims
1. A customer premise equipment, CPE, comprising:

a millimeter-wave antenna (241) configured to
receive and transmit an antenna signal at a mil-
limeter-wave frequency band;

aradio frequency, RF, circuit (242) coupled with
the millimeter-wave antenna, configured to con-
trol the millimeter-wave antenna to receive and
transmit the antenna signal, and measure net-
work information of the antenna signal;

a driving module (25) coupled with the millime-
ter-wave antenna and configured to drive the
millimeter-wave antenna to rotate;

a processor (22) in communication with the RF
circuit (242) and the driving module (25) and
configured to:

control the driving module (25) to drive, ac-
cording to an interval stepping strategy, the
millimeter-wave antenna (241) to rotate to
perform interval scan on a plurality of
blocks, and correspondingly obtain network
information measured in each of the plural-
ity of blocks by the RF circuit (242) to obtain
multiple pieces of network information
measured, wherein the plurality of blocks
are determined according to a scan range
of the millimeter-wave antenna (241);
determine a target block for the millimeter-
wave antenna (241) according to the multi-
ple pieces of network information meas-
ured;

control, in the target block, the driving mod-
ule (25) to drive, according to a preset rota-
tion stepping, the millimeter-wave antenna
(241) to rotate to obtain a target orientation;
and
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control the millimeter-wave antenna (241)
to rotate to the target orientation.

2. The CPE of claim 1, wherein

the millimeter-wave antenna comprises a plu-
rality of radiation units; and
the processor (22) is further configured to:

obtain a network data packet of an antenna
signal received by each of the plurality of
radiation units in the target block to obtain
a plurality of network data packets, wherein
each of the plurality of network data packets
comprises network information of the anten-
na signal received by each of the plurality
of radiation units in each of different orien-
tations;

update the preset rotation stepping accord-
ing to the plurality of network data packets;
and

control the driving module (25) to drive, ac-
cording to the preset rotation stepping up-
dated, the millimeter-wave antenna to ro-
tate to the target orientation.

3. The CPE of any of claims 1 to 2, wherein the proc-

essor (22) is further configured to:

divide the scan range of rotation of the millime-
ter-wave antenna into the plurality of blocks,
wherein the scan range corresponding to each
of the plurality of blocks is the same, and an
included angle of the scan range corresponding
to each of the plurality of blocks is smaller than
a preset included angle;

determine at least one stepping value according
to the amount of the plurality of blocks, wherein
each of the at least one stepping value is indic-
ative of a sanrange between a current block and
a previous bock; and

determine the interval stepping strategy accord-
ing to the at least one stepping value.

4. The CPE of claim 3, wherein the processor (22) is

5.

further configured to:

obtain network information measured in the cur-
rent block by the RF circuit (242) and network
information measured in the previous block by
the RF circuit (242); and

update the interval stepping strategy according
to the network information measured in the cur-
rent block and the network information meas-
ured in the previous block.

The CPE of any of claims 1 to 4, wherein
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the CPE works in a non-standalone (NSA) net-
working mode; and
the processor (22) is further configured to:

receive a measurement command from a
base station based on a first network sys-
tem, wherein the measurement command
at least comprises time information config-
ured by the base station and indicative of a
duration of that the CPE performs antenna
signal measurement, and the first network
system is a fourth generation, 4G, network
system;

control, according to the measurement
command, the driving module (25) to drive
the millimeter-wave antenna to rotate ac-
cording to the interval stepping strategy, so
as to perform the interval scan on the plu-
rality of blocks.

6. The CPE of claim 5, wherein:

the measurement command further comprises
a network access threshold for connecting to a
second network system, wherein the second
network systemiis afifth generation, 5G, network
system; and

the processor (22) is further configured to deter-
mine, when one of the multiple pieces of network
information is greater than or equal to the net-
work access threshold, one of the plurality of
blocks corresponding to the one of the multiple
pieces of network information as the target
block.

7. The CPE of any of claims 1 to 6, wherein the proc-
essor (22) is further configured to:

determine the target block for the millimeter-
wave antenna according to the network informa-
tion measured in each of the plurality of blocks,
or

transmit an omnidirectional network data to the
base station, wherein the omnidirectional net-
work data comprises the network information
measured in each of the plurality of blocks and
carries an obtaining request, wherein the obtain-
ing request is used for directing the base station
to determine the target block according to the
omnidirectional network data.

8. The CPE of any of claims 1 to 7, wherein the proc-
essor (22) is further configured to:

drive, in the target block, the millimeter-wave an-
tenna to rotate according to the preset rotation
stepping to correspondingly obtain network in-
formation in each rotation orientation; and
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determine the target orientation for the millime-
ter-wave antenna according to the obtained net-
work information in each rotation orientation.

9. The CPE of any of claims 1 to 8, wherein the proc-

essor (22) is further configured to:

connect to a network system in the target orien-
tation, wherein the network system is a fifth gen-
eration, 5G, system;

obtain beam information of a current beam con-
necting the millimeter-wave antenna and the
base station based on the network system; and
control the millimeter-wave antenna to rotate in
a preset rotation range according to the beam
information, so as to calibrate a direction in
which the millimeter-wave antenna is aligned
with the base station.

10. A method for antenna control applied to a customer

premise equipment, CPE, the CPE comprising a mil-
limeter-wave antenna (241), a radio frequency, RF,
circuit (242), and a driving module (25), the millime-
ter-wave antenna (24 1) being configured to transmit
and receive an antenna signal at a millimeter-wave
frequency band, the RF circuit (242) being coupled
with the millimeter-wave antenna, configured to drive
the millimeter-wave antenna to transmit and receive
the antenna signal, and measure network informa-
tion of the antenna signal, and the driving module
(25) being coupled with the millimeter-wave antenna
and configured to drive the millimeter-wave antenna
to rotate, the method comprising:

controlling (702) the driving module (25) to drive,
according to an interval stepping scheme, the
millimeter-wave antenna to rotate to perform in-
terval scan on a plurality of blocks, and obtaining
network information measured in each of the
plurality of blocks by the RF circuit (242) to obtain
multiple pieces of network information meas-
ured, wherein the plurality of blocks are deter-
mined according to a scan range of the millim-
eter-wave antenna;

determining (704) a target block for the millim-
eter-wave antenna according to the multiple
pieces of network information measured;
controlling (706), in the target block, the driving
module (25) to drive, according to a preset ro-
tation stepping, the millimeter-wave antenna to
rotate to obtain a target orientation; and
controlling (708) the millimeter-wave antenna to
rotate to the target orientation.

11. The method of claim 10, wherein the millimeter-wave

antenna comprises a plurality of radiation units, and
the method further comprises:
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obtaining (906) a network data packet of an an-
tenna signal received by each of the plurality of
radiation units in the target block to obtain a plu-
rality of network data packets, wherein each of
plurality of network data packets comprises net-
work information of the antenna signal received
by each of the plurality of radiation units in each
of different orientations;

updating (908) the preset rotation stepping ac-
cording to the plurality of network data packets;
and

controlling (910) the driving module (25) to drive
the millimeter-wave antenna to the target orien-
tation according to the preset rotation stepping
updated.

12. The method of any of claims 10 to 11, wherein the

millimeter-wave antenna comprises a plurality of ra-
diation units, and the method further comprises:

dividing (802) the scan range of rotation of the
millimeter-wave antenna into the plurality of
blocks, wherein the scan range corresponding
to each of the plurality of blocks is the same, and
anincluded angel of the scan range correspond-
ing to each of the plurality of blocks is smaller
than a preset included angle;

determining (804) at least one stepping value
according to the amount of the plurality of blocks,
wherein each of the at least one stepping value
is indicative of a san range between a current
block and a previous bock; and

determining (804) the interval stepping strategy
according to the at least one stepping value.

13. The method of claim 12, further comprising:

obtaining (808) network information measured
in the current block and network information
measured in the previous block; and

updating (810) the interval stepping strategy ac-
cording to the network information measured in
the current block and the network information
measured in the previous block.

14. A customer premise equipment (10) comprising:

a processor (22); and

a memory (21) storing computer programs,
wherein the computer programs, when execut-
ed by the processor (22), are operable with the
processor (22) to perform the method for anten-
na control of any of claims 10 to 13.

15. A computer-readable storage medium storing com-

puter programs, the computer programs being exe-
cuted by a processor to implement the method for
antenna control of any of claims 10 to 13.
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Control, according to an interval stepping strategy, a driving
module to drive a millimeter-wave antenna to rotate to perform
interval scan on multiple blocks, and obtain network
information measured in each block to obtain multiple pieces of
network information

~~702

v

Determine a target block for the millimeter-wave antenna
according to the multiple pieces of network information
measured

~704

v

Control, in the target block, the driving module to drive,
according to a preset rotation stepping, the millimeter-wave
antenna to rotate to obtain a target orientation

706

v

Control the millimeter-wave antenna to rotate to the target
orientation

708

FIG. 7
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Divide a scan range of rotation of a millimeter-wave antenna
into multiple blocks

802

v

Determine at least one stepping value according to the amount
of the multiple blocks, and construct an interval stepping

L ~804

strategy according to the at least one stepping value

Y

Control a driving module to drive, according to the interval
stepping strategy, the millimeter-wave antenna to rotate to
perform interval scan on the multiple blocks

~~806

v

Obtain network information measured in a current bock and a
previous bock

~

808

v

Update the interval stepping strategy according to the network
information measured in the current block and the previous
block

810

v

Control the driving module to drive, according to the interval
stepping strategy updated, the millimeter-wave antenna to rotate

812

to determine a target block for the millimeter-wave antenna

FIG. 8
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Control a driving module to drive, according to an interval
stepping strategy, a millimeter-wave antenna to rotate so as to
perform interval scan on multiple blocks, and correspondingly

obtain network information measured in each block

902

v

Control, in a target block, the driving module to drive,
according to a preset rotation stepping, the millimeter-wave
antenna to rotate to obtain a target orientation

=904

Y

Obtain multiple network data packets of antenna signals
received by multiple radiation units in the target block

906

v

Update the preset rotation stepping according to the multiple
network data packets

A

—~908

v

Control the driving module to drive, according to the preset
rotation stepping updated, the millimeter-wave antenna to rotate

~~910

to obtain the target orientation
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Receive a measurement command from a base station based on a
first network system, where the measurement command at least
contains time information configured by the base station and used
for instructing a CPE to perform antenna signal measurement

L

y

Control, according to the measurement command, a driving
module to drive a millimeter-wave antenna to rotate according to
an interval stepping strategy to perform interval scan on multiple

blocks, and correspondingly obtain network information measured
in each block to obtain multiple pieces of network information

L~

Y

Determine a target block for the millimeter-wave antenna
according to the multiple pieces of network information measured

for™

Y

Control, in the target block, the driving module to drive, according
to a preset rotation stepping, the millimeter-wave antenna to rotate
to obtain a target orientation, and control the millimeter-wave
antenna to rotate to the target orientation

for”

FIG. 10
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Control a driving module to drive, according to an interval
stepping strategy, a millimeter-wave antenna to rotate to perform
interval scan on multiple blocks, and correspondingly obtain
network information measured in each block to obtain multiple
pieces of network information

v

Determine a target block for the millimeter-wave antenna
according to the multiple pieces of network information
measured

v

Control, in the target block, the driving module to drive,
according to a preset rotation stepping, the millimeter-wave
antenna to rotate to obtain a target orientation

v

Control the millimeter-wave antennato rotate to the target
orientation

v

Connect to a second network system in the target orientation

v

Obtain beam information of current beam connecting the
millimeter-wave antenna and the base station according to the
second network system

™

v

Control, according to the beam information, the millimeter-wave
antenna to rotate within a preset rotation range to calibrate a
direction in which the millimeter-wave antenna is aligned with
the base station

FIG. 11
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Control a driving module to drive, according to an interval stepping strategy, a
millimeter-wave antenna to rotate to perform interval scan on multiple blocks,
and correspondingly obtain network information measured in each block

— 1202

Y

For each block, when the network information measured is greater than or equal

to a network access threshold, connect to a second network system, obtain wave

information of the antenna signal received by the millimeter-wave antenna, and
exit the second network system

1204

v

Determine a target block according to the wave information in each block

= 1206

FIG. 12
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Control a driving module to drive, according to an interval stepping
strategy, a millimeter-wave antenna to rotate to perform interval scan
on multiple blocks, and correspondingly obtain network information
measured in each block to obtain multiple pieces of network
information measured

v

Determine a target block according to the multiple pieces of network
information measured

Y

Control, in the target block, the driving module to drive, according to a
preset rotation stepping, the millimeter-wave antenna to rotate to obtain
a target orientation

b

v

Control the millimeter-wave antenna to rotate to the target orientation

b

Y

Connect to a second network system in the target orientation

v

Obtain a signal quality information of the antenna signal received by
the millimeter-wave antenna

Y

Control the millimeter-wave antenna to rotate once more according to a
calibration-rotation scheme, when within a preset duration a value of
the signal quality information is lower than a preset quality threshold

FIG. 13
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